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The ſonic epic, The great * at : Pembroke Hall ia ba 5: 4 


Cambridge 


HE 5 to this 8 is a print of what I call the thai, 
1 becauſe it ſhews the heavenly bodies with their motions and appear- 


ances in a more compleat manner than can be done by any other inſtrument 
that I know of; it conſiſts of a planetarium, or machine that exhibits the moti- 
ons of the earth and all the primary planets round the ſun, and the motion of 
the moon round the earth all encloſed in a ſphere: upon-the ſphere, beſides the 
principal circles of the celeſtial globe, the zodiac is placed, of a breadth ſuf- 
ficient to- cofitain- the apparent path-of the moon in all ics deviations, with 
all the ſtars over which the moon can ever paſs; as alſo the ecliptic,” and the 
heliocentric orbits of all the primary planets. - The earth in the planetarium 
has a moveable horizon to which a large moveable braſs circle marked h 
within the ſphere may be ſet coincident, repreſenting the plane of the horizon 
continued to the ſtarry heaven; the horizons being turned round fink below 
the ſtars on the eaſt fide, and make them appear to riſe ; and riſe above 
the ſtars on the weſt fide,” and make them appear to ſet: on the other hand, 
the earth and the horizon being at reſt, the ſphere may be turned round to 
repreſent the apparent diurnal motion of the heaven. The earth and planets in 
the planetarium may be ſet in their true places in their orbits for any day re- 
quired, by an almanack ; this being done, if we ſtretch a thread from the earth, 
or imagin a line therefrom to be drawn through the ſun, moon, and each pla- 
net to the ſphere, it will mark the apparent places of them for that day: the 
ſun, moon and planets, repreſented by ſmall beads. of different colours, are 
each of them pur u upon the end of a wire whereto a ſpring is fixed, and may 
evi Sn nn oo ],; (—j—ç—ĩ 'this 
bein ſphere turned round will bew their a parent motions, their £ 
— ſouthing, and ſettimg for the day. i | 
This ſphere may be made more compleat, if plates of tin or thin braG be 5 
hammered into Seeg 6 ere of the ſame diameter, and upon the 


proper place: ee ee 


* a clear view into the 1 N 


In purſuance of this idea, I have, in a room lately built in Pembrol 
= nm Wurm POnenu 


N 


| gp 6 Ines er OE in et po eps He treo yrs 4 Seeing ann — bi : os. 


concave fide of each plate ane of the conſtellations be drawn, and fixed in its 


e 
p : * 
. 


CONE Arrears 


2 
2 


oak of about 13 feet diameter, which, when the ſphere is pu put into motion, 


N En EY Oe AER ones Ph a 7 AE EET 7 
« 5 . 


(iv) 


fit a ; the entrance into it is over the ſouth pole by fix es the 
frame of the ſphere conſiſts of a number of iron meridians, not complèat 


ſemicircles, the northern ends of which are ſcrewed to a large round plate 


of braſs with an hole in the center of it, through this hole from a beam in 


che citling comes the north pole, a round iron rod about 3 inches long, and 


ſupports the upper part of the ſphere to its proper elevation for the latitude 
of Cambridge; the lower part of the ſphere, ſo much of it as is inviſible in 
England, is cut off; and the lower or ſouthern ends of the meridians or 
truncated ſemicircles terminate on, and are ſcrewed down to a ſtrong circle of 


runs upon large rollers of lignum vitæ, in the manner that the tops of ſome 


- wind-mills are made to turn round. Upon the iron meridians is fixed a zodiac of 


tin painted blue, whereon the ecliptic and heliocentric orbits of the planets are 
drawn, and the conſtellations and ſtars traced: eee 


draco are already painted in their places round the north pole; the reſt of the 
conſtellations are propoſed tu follow: the whole is turned round with a ſmall 
Winch wich as little labour as it takes to wind up a jack, though the weight 
of the iron, tin, and wooden circle is above 1000 


When it is made 
uſe of, a planetarium will be placed in the middle thereof: the whole with 


the floor is well-ſupported by a. frame of large timber: 3 
N e open car 
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907 I has been Wande before- (pag. 189 $6s 1) that tr 
primary planets; "the earth, Jupiter, and ſaturn are, in their revolutions ; 5 
rouni che ſun, attended by ſecondary planets; theſe all go round their re. 
ſpetive-primaries aerordint to the order of the figns. Thee earth is attend. 
ed only by tie m which is uſually fignified by his character 7 : the moon | 
goes round the earth; according to the erder of the fgas, at the diftatice | 
of about 60 ſemidiameters of che earth from the center of che earth, in a» | 
bout 27 days: which time is called a al month. ==T he diſtances of the / * 
aud of jupiter and ſaturn from their reſpective primaries and their pe- 73 
riodical times will be ſet down hereafter, — In the 11th figure of rhe ſecond | * 
book, vol: v. pag: ig, the very ſmall circle upon che dibiie of the catth at Sh 
the letter > ente abe orbit of the noon: the four ſmall-cireles upon the f 
orbit of jupiter utithe letter u are the orbits of jupiters ſout ſatellits: che five 


ale ork ef Kauen near che cheragter e re che orbit : © 
the five ſatellits of aturne this figure is ſufficient, for the: preſent, to give the! 7 
reader 8 general ides of the orbits of the ſecondary plancts, thought feedaes | 
not exhibit „ nene mn een 
actneſs in the ſequel. 4 altoh DVI 15 QUSAL 1943, ITO RY \ 


948 There is no 3 e of any other ſecondary l. \ 
nets beſides thoſe mentioned in the fo ſection; but, from Tone dbſer= 
vations made in the laſt century by Damenicho Caſini. in. Italy, tated — 
Mr. Short in London, it appears probable that the planet venus is atten 
with at leaſt one ſatellit. The account given us by Caſſini is as follow ” , 

— de ts lemiert go] e tal Þ Batre A 4 28 

I bes > poke „ A. . 1686 


% 


358 ASTRONOMY 8 | BOOK 3. 
<A.D.7686 aug che 28 at 15 minutes after in the morning, looking at venus 
5 with a teleſcope of 34 feet, I ſaw, at the diſtance of 3 of her diameter eaſt- 

ward, a luminous appearance of a ſhape not well defined, that ſeemed to 
have the ſame phaſe with venus which was chen gibbous on the weſtern 
*ſide. The diameter of this phenomenon was nearly equal to a 4th part of 
*the diameter of venus: I obſerved it attentively for a quarter of : an hour, and, 
<having left off looking at it for 4 or minutes, L ſaw it ho mote: but day- 
Aight was then advanced. I had ſeen a like phenomenon which reſembled 
the phaſe of venus, jan. 25 A. D. 1672 from 52 minutes after'6 in the morn- 
ing to 2 minutes after 7, when the brightneſs of the twilight cauſed it to 
ediſapptar. Venus was then horned, and this phetiomenon the diameter 
*whereof was nearly a 4th part of the diameter of venus was of the ſame. 

It was diſtant from the ſ6athern horn of venus a diameter of venus 

on che weſtern fide. In theſe two obferyations,-L was in doubt whether it 
were nota ſatellit of venus, of ſuch a conſiſtance as not to bo very well fitted 
o reflect the light of the ſun, and which in magnitude bore nearly the fame 
proportion to venus as the moon does to tho earth, being at the ſame diſtance 
from the ſun and the earth as venus was,, che phaſes whereof it reſembled. 
*Norwirhſtanding all the pains took 1 in ase it, after theſe two obſerva- 
tions, and at divers other times, in order to oompleat ſo, confiderable a diſ- 
coyery, L was never able to ſee ĩt any more than theſe two times; I therefore 
ſuſpend my judgment of this phenomenon, If it ſhould return often, there 
Will be theſe two, epochas which compared with other obſervations may be 
gf uſe, to and eee of its ite be reduced to 
*any. rule. ; 

949 oe. 23, Anon at 0 Mr: Short; wha a' reflotiog en of 
16.5 inches which magnified about 50 or 60 times, perceived a ſmall ſtar at 
about the diſtance of 10 from venus, as meaſured by the micrometer: and, 
putting on a magnifying: power of 240 times, he found tho ſtar put on che 
phaſe of venus: he tried another magnifying power of 140 times, and even 
then found. the ſtar have the ſame phaſe: its: diameter ſeemed about a third 
or ſome what leſs of the diameter of venus, its light was not ſo bright or vi- 
vid, but exceedingly ſharp and well defined: a line paſſing through the cetiter 

of venus and it made an angle with the equator of about 18 or 20 degrees 
he ſaw it for the ſpace of an hour ſoveral times chat morning: but, the light 
of the ſun increaſing, he. loſt it about a quarter of an hour aſter eight. He 
ſays, he. looked for 1 il erz clear maming after this, bur never ſaw 1 it again 
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CHAP. 1. I a sv 1 
50 If we imagin the plane of che orbit of the moon to be 


be led the moon's apparent orbits; becauſe the moon appears to the inhabi- 
rants. of the earth to go in chat cirele through the 12 ſigns of the zodiac in a 
periodical month: thus fig. x, let EV i be the orbit of the earth, s the ſan, 1 
abed the orbit of the moon, when the earth is at x: let a yep be a great cir- 
cle in the ſphere of the heaven in the ſame plane with the moon's orbit; the 
moon, by going round her orbit a5cd according to the order of the letters, 
pears to an inhabitant of che earth to go round in the great cirele ABcp,” 
according to the order of thoſe letters: for when the moon is at à ſeen from 
e ſhe appears at A: when the moon is got to 6 ſhe appears at 83: when tor 
ſhe will appear at c: when arrived at d ſhe will appear at p. It is true When 
the moon is at-b the viſual line drawn from x through the moon terminates 
in I; as it does in c when the moon is at d: but the lines LM and DB, being 
parallel, and not farther diſtant from each other than the diameter of te 
carth's orbit, are as to ſenſe coincident, their diſtance meaſured in the ſphere 
of the heaven is inſenſible. For the ſame reaſon; though the earth moves from 
E to y in the time that the moon goes round het orbit, ſo that at the end of a 
periodicai month tho moon will-be at a, and is ſeen from the earth at y in the 
line x x, the moon will notwithſtanding appear at A; the lines & and ta | 
being parallel, and as to ſenſe coincident; In like manner, whatever part 
of her eee a0 or 1, the moon, by going round in ber orbit, 
will appear to an inhabitamt of the earth to gu round in the great citele _ - 
951 The orbit of every ſecondary: planet is an ellipfis having its primary 

one of its focuſes: if weiconfader the ellipſis in the ſecond figure as the orbit 2 
of the moon; the greater axis A is called . be line of the moon s apfides: the 
point y where the moon to the earth ſituated in tlie focus 
E-is the moon s perigee, or lower aps: the' point 'a'wherehe is at IS _ 
diſtance from the earth is he moon's apogee or bigher apfit* the extreàm points 
of tho leſſer axis * and mare the places where the moon is at her 'mean'or © 
middle- dif ance from the catchy anda line drawn from the earth'to either of 
theſe. points, as E N or E is the ius o the moon's mean diſtante: the'Ui-" — 
ſtance of either focus x on from the center C is che extentricity of the mom: 
orbit: I gear on vero moon INES into 10 


by 


0 / 


1 W 
* 
K 


a 
— 


ha.” 


gs -- 
eg e, yp 


writer. Mex 


A 


1 
% 7 


8 


— 29 va! * 


wy 
* 4 #$L . 
* 7 „ = - ” 


che ſphere of the heaven, it would mark thereon à great circle, which maß | 1 


. 


. 


— 


5 J 


* 7 WS, 
* ++ 
Wo 
— 


_ 
* — 
— 2 
+. 
: >, Ss % p 
K 
1 
* 
Iu. 


1 
= 


—_— . 


7 


— 8 
* 
* 


% 


, 
" * 
* 
. 
- 


i. 


— 


'- „„ „4 „„ „ r ooo + 
. - : = PUT, 


- 
: 
o 

= 
4 9 
- 
- 
: 
: 
: 


* 


1 


71 


1 
— 


3 1 
* 


- 
_— 


Mt, „„ 


1 


« & as 7 
r 
„„ 


2 
MI . p 
11 ; 
} * 


of 
* 


— * 1 1 = 
a 1 — = a; a — e ee 
- n Wn 


360 | ASTRONOMY. boo 3. 


116. equal parts, the mean excentricity of the moon is about 5 5 of theſe paris. . 
Sg mo of the,  ſatellits jupiter and ſaturn: differ but little from circles. 


9.52. The motion of every ſecondary Planet is nut equable, but oaſis to 
this law, that a line drawn from the primary planet to i ſocondary moves 
over equal areas upon the plane of the fecondary's orbit in equal times: The 
moon's motion is therefore ſwifteſt in perigee, floweſt in apogee, mean at 


3 her mean diſtances; ſee g 672: thus, fig · 3, let the orbit of the moon be re- 


reſented by the ellipſis A m v M, let E be the focus thereof in which the earth 
is ſituated, if lines be drawn from x ſo as to divide the area of it into equal 
triangles, the unequal arcs will ſhew the inequality of the moon's motion: for 
the moon will in the ſame time go through the arc y as through the arc ab 
or iM or Mc or cd, &c. The orbit of the ſatellits of jupiter and ſaturn being 
but little different from eircles, the motion of thoſe fatellirs is nearly equable. 

953 We planes. M the orbits of the ſecondary planets are not coincident with 
the planes of the orbits of their primaries, but inclined to them: The plane 
of the moon's orbit is inclined to the plane of the orbit of the earth in an an- 
gle of about g degrees. — The inclinations of the R — orbits. of tho 
ſatellits of jupiter and ſaturn will be; given hereafterr. 

954 The orbit. of. every ſecondary planet would continue alyays auen 
che lame both as to its excentricity, the poſition af its longeſt axis, and 
the firuation of its plane, if it were not diſturbed by any other of the hea- 
venly bodies; f in the ſame manner as the orbits of the primary planets. were 
faid to continue invariable, 5 794; though the planets perhaps may be liable 
to be a little diſturbed. by ene another, or by the near approach of comers, | 
_ ſo as to cauſe ſome change in their orbits. If the plane of the moon's orbit 
were to continue invariable, and. always parallel to it ſelf, ſhe would always 
appear. to deſcribe the ſame great circle in the ſphere of the fix. ſtars; and thoſe 
points in that circle wherein ſhe appears at her greateſt, leaſt.or. mean diſtan- 


4 ces from the earth would always be the ſame: in fig. 4. let AB e p be the orbit 


of the earth in a perſpective view, Y e => the ecliptic, ab cd the moon's orbit 
which the goes in when the earth is at A: let her orbit be eygb when the 
earth is at B; let it be ln when the earth at e, and nopg when the earth 
is at D; if the plane of the moon's orbit, in every one of theſe places A, B, c, 
and p, and in all the intermediate points of the earth's. orbit, were to conti- 
nue parallel to it felf, there would indeed be ſo many different planes, but, 


continued to the heaven, they would-all mark the fame great circle thereon, 
which is expreſt in the figure by the dotted line; for though the diſtance be- 


2 1 mention here the mean excentricity, becauſe the moon's excentriciry is variable, as we ſhall ſe 
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tween the plane abed and the plane ikIm if both were extended would be 210. 
conſiderable in it ſelf, it hecomes inſenſible in the ſphere of the fixt ſtars: In 


like manner, if the longeſt axis of the moon's elliptic orbit. continued always 


parallel to it ſelf,” and if the place of the apogee were in the point S as it is 

drawn in the 4th figure, the moon would always appear in apogee when in 4 
, in perigee when in b, in her mean diſtance when in Y or =, 

955 The plane of the moon's orbit extended to the heaven cuts the eclip- 
tic in two oppoſite points, conſequently the moon's apparent orbit cuts the 


ecliptic in two oppoſite points. The two points where the moon's apparent ; 
orbit cuts the ecliptic are called the moon's nodes: the point where the moon 


appears to croſs the ecliptic as ſhe goes into north latitude is called the moon's 
aſcending node, of which this is the character &: the point where the moon 
croſſes the ecliptic going into ſouth latitude is her deſcending node, marked 
thus 8: the moon's aſcending node is often called the dragon s head; her de- 
ſcending node the dragon's tail: ſome writers call rhe moon's apparent or- 
bit her dragon: theſe appellations owe their origin to the repreſenting the 


apparent orbit of the moon and the ecliptic as in fig. 5, which has ſome 5 


reſemblance of two ſnakes joyned together at their heads and tails; in this 
view, the Arabians call thoſe parts of the” moon's circte where ſhe is at the 
greateſt'c diftance from the ecliptic, as about L and /, the dragon" $ bellies, By 
a dragon the ancients meant a large ſnake, not ſuch a fictitious animal with 
wings as the painters give us.” The line of the moon's nodes is a line drawn from 
one node to che other. The moon appears in the ecliptic only when the is 
in one of her nodes, in alt other parts of her apparent orbit ſhe is in north or 
ſouth Atitude: thus if we ſuppoſe the moon, fig. 4, to be this day in her a- 4 
ſcending node in 7, whilſt the is going the firſt quarter of her revolution ſhe 
appears to deviate gradually more and more northward from the ecliptic, till 
the is got to her utmoſt north latitude or limit at u, where her latitude is 
about 5*: from her north limit her latitude gradually decreaſes, till ſhe comes 
into the ecliptic at her deſcending node in : from thence ſhe deviates in 
like manner ſouthward from the ecliptic, till ſhe is in her utmoſt ſouth lati- 
rude or limit at s, here alſo her latitude is about 5: from her ſoutfi limit 
the continualfy draws nearer to the ecliptic, till ſhe returns to her aſcending 
node in Y. All this is eaſily underſtood by fig. 4, which repreſents the zo- 4 


diac in a perſpective view, the black circle drawn through the middle of the 


zodiac and marked with the characters of the 12 ſigns Y n &c is the e- 
cliptic; the dotted: circle with & and & and n, 3, the moon's north and 
fourh on I AIne it 2 a e „ | 


FIG. . 
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9 56 When the moon's place in which ſhe appears. to an inhabitant of the 
earth is the ſame with the ſunꝰs place, the moon is ſaid to be in conjunction: 


when the, moon's place is oppoſite to the ſun's place, ſhe is ſaid to be in oppo- 
tion: when the moon is a quarter of a circle diſtant from the ſun, ſhe. is ſaid 
to be in quadrature: an exact or central conjunction or oppoſition can only fall 


out when the moon is in the ecliptic, but it is called a conjunction hen the 
moon is in the ſame ſemicircle of a ſecondary of the ecliptic with the ſun, 
though the moon has then latitude: this remark is applicable alſo to the op- 


4 poſition and quadrature: thus fig. 4, ſuppoſe the moon to appear in the point 


, if the ſun be there alſo it is a central conjunction: if. the moon appears 
in v, when ehe ſun is at =, R if che ſun be at & or 
y vrhen the moon appears in Y, it is a quadrature ſtrictly ſo; but it is call- 


d a conjunction, if the moon be at z the ſun at =: an oppoſition, if the 


moon be at the ſan at Þ; a quadrature, if the moon be at ꝝ the ſun at 
or =. Both conjunction and oppoſition of the moon are called ſyagies: the 
word in the original, av{vy:« properly ſignifies conjunction, but may well 


enough take in the moon s oppoſition; for then alſo the ſun moon and earth 


may be ſaid to be conjoyned, by a line which paſſes through them all three: 
the uſe of this term will ſave the tedious repetition of conjunction and oppo- 


Ntion, when the ſun's action upon the moon comes to be treated of. A line 


drawn through the points of oppaſition and conjunction is called the line of 
Sages. 


957 The common lunar month, or the time which 88 any con- 
| junction and the conjunction immediately following, is called a ſynadical month, 
or a lunation: in this time, the moon, by turning more or leſs. of her enlight- 
ned hemiſphere towards our earth, goes through all the differences of her 
increaſe and wainzng: from her conjunction to the next oppoſition the moon 
is faid to be in her increaſe, becauſe ſhe then ſhews us everyday more and 
more of her enlightned hemiſphere; appearing firſt a eu mom, then a cre- 
ſeent, an half moon, gibbous, a full moon: from oppoſition to the next con- 
junction the moon is in the main; and, turning every day leſs and leſs of her 
enlightned hemiſphere towards the earth, appears in the ſame. ſhapes over 


again as before, but inverted, and in an inverted order: theſe. ſeveral. ap- 


pearances are called the phaſes of. the moon; an explanation of them ſhall be 
given in the next chapter: the word phaſe, @aoi;, ſignifies an appearance. 

958 The moon's motion in her apparent orbit is ed, either abſo- 
lutely, or with relation to the ſun: the moon's motion conſidered abſolutely is 
ſometimes ſwifter than at other times, according as ſhe is nearer to her peri- 
gee," where ſhe is ſwifteſt, or to her apogee, where ſloweſt; as was ſaid 9 9 55 


onA 1. ASTRONOMY _ 7 
the moon's nent riction ie wt the te of 1310 35 in day, Which caries 1 
her round the zodiac and compleats the periodical month in 27d 7h 47. | 
mo0n's motion with relation to the ſun is called her motion from the fun, or 
her elongation from the fun: the moon's motion from the ſun is the exceſs of 
the velocity of the moon's motion in her apparent orbit above the velocity of 
the ſun's'apparent motion in the ecliptic: this exceſs is ſometimes greater \) 
chan at other times, for two reaſons; 1, from the inequality of the moon's 
motion, F 9523 2, from the inequality of che ſun's motion, F 776: the mean 
motion of the moon from the ſun is 12* 11 2% in a day, which carries the moon 
from one conjunction to another, and finiſhes the ſynodical month in 294 r2% 
44. The mean motion of the ſun in the ecliptic being 59 8“ in a day, and 
the mean motion of the moon in her apparent orbit 1310.3 5 in a day; the 
moon's apparent motion in the zodiac is 12*11 27” faſter than that of the ſun. 
' 959 If the earth had no revolution round the ſun, the petiodical and fy- 
nodical month would be the ſame; the greater length of the ſynodical is ow-- 
ing to the ſun's apparent motion in the ecliptic, which is cauſed by the earth's+ 
motion in her orbit, aswas:ſhewn g 642, by reaſon whereof about two days a 
more than a periodieal month will paſs from the time chat the moon is in 
any given ſituation with regard to the fun to the time when the will be a- 
gain in the like ſituation, and few us again the ſame phaſe: thus, fig. 4, 44 
ſuppoſe the moon is this day at noon in conjunction with the ſun in the point 
in a periodical month of 2247 4% the moon will perform a revolution 
in her orbit, and appear again in conjunction with the point Y; but the ſun 
in that time will appear to have gone almoſt 27 from Y; and thete cannot -. 
be another conjunction till the moon has overtaken the ſun, which will not 
be till about two days more have paſſed, when the ſan and moon will be 
both in about the 29% of v the fun being chen at a the moon at . 
900 The moon, being nearer to the earth than any other of the heavenly 
bodies, may come between our eye and any of them that is in or near the e- 
cliptic: when the moon in her motion along the zodiac appears with one 
edge of her diſk firſt to touch a ſtar, it is called an a wolf of he moon to that 
ſtar; and during the time the ſtar is hid from our view by the interpoſition 
of the moon there is ſaid to be an vecuitation of it: the beginning of an occul- 
tation is beſt obſerved when that ſitle' of the moon which firſt touehes the 
ſtar is dark; the end of an occultation is beſt obſerved when it is a dark fide” 
of the moon's diſk which laſt leaves the ſtar in paſſing over it: what is here 
laid of the oceultations of ſtars by the moon or appulſes of the moon to them 
is applicable alſo to the planets; there is however this difference, that, the” 
apparent diameters of the fixt ſtars being in ſenſible, a ſtar is hid from dur 
ö | view” 
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10. view the moment n appears to touch it; whereas the diſk: of a pla- 
7 vet, being ofa ſenſible magnitude, is not covered by the moon all at once, but, 
as the moon's diſk gradually hides more and more of it, appears leſs and leſs, 
til] the part not yet covered by the moon is too ſinall to be viſible with the 
teleſcope we make. uſe of: and conſequently the more the. teleſcope magni- 
fies, the longer will the time be between the moment. of the firſt appulſe of 
FFP 
m 
9c 1 Hitherto the orbit of che moon has born conſidered as invariable, as it 
would be If there were no qther bodies beſides. the earth and the moon in the 
univerſe, or nome near engugh ro affect gicher of them in a ſenſible manner: 
the fin has an influence upon both thoſe,;bodies; and,, ys the moon in her 
revolution round the earth is ſometimes nearer tho ſun than at other times, 
ſhe is yariouſly diſturbed. by him in that revolution; having her morign ſome- 
times accelerated, and at other times retarded, ſo as to he hindered. thereby 
8 al areas in equal times round. the earth: ſuffer ing alſo; va- 
ous chan guryature of her orbit, and in the. of the plane 
xeredf: al heſs changes will be better accounted for hen the cauſes of the 
e motions have been explained; it is however neceſſary at preſent to 
take ſome notice of two of cliem, the firſt is, that the mopn s apogee, and 
ſcquently her perigee and che places of her mean diſtances have a flow 
Wocioß, which carries them round che zodiac, ne to ghe order. of the 
ne, in in about 9 years; the ſecond, that the nades of the moon have a. flow 
retro! WOO,  b gs 30 go round the ecliptie, contrary to che order of the 
ligne, in 19 years, A di 
4 902 "tp e ie den che prograſion, of de epi re in bg. 4, let 
1 repreſent. the apparent orbit of the moon, Ad the orbit of the 
arth, the ſmall. black ellipſes rund, the earth at theſe ſeveral letters the or- 
bir of the moon, when the earth is ip thoſe ſeveral fituations; when the earth 
is s at 4 lr ch apogee of the moon be at g. the place of the moon's apogee 
. of the heaven will then be the point #, and if. hd the longeſt 
5 moon's ellipſis were to continue parallel to. itſelf; and conſequent- 
ly to the Jine & b, When the earth is in every qther point of her orbit, for 
example, ati 5, or , or p, as that axis i drawn at b f. n il. and g 0; the place 
ol the. moon's apogee in the ſphere of the heaven would be always the fame, 
namely at , becauſe all parallel lines which are no farther.diſtant from each 
: other than the ase che earth's orbit are in effect coineident,. or appear 
3 in the ſame. point af the heaven; but this is hot the caſe, for the 
R for ward, in ſuch a manner, chat in a . 


* 
Y a 2 
y « 
oy = 
1 % 4 -»# 
"200. o 
*; 4 


CHAP. ASTRONOMY/ bg 


the point A, the moon's orbit will be in the ſituation 
ted ellipſis, the longeſt axis whereof will not be bd but „f: — to; and 


3 as to ſenſe coincident with E, and the place 6f che mon 
will chen be at x; which will be abut the middle of &. 


ſerved that the plane of the mbon's orbit dies not ede parallel to it 
would not mark” 3 the ſate circle theteon, 10 Was repreſented fig. {but 


month the ſituatiom of it were ſuch that extended to the heaven it would 


is V, che deſcending''s; at the end of the month When this idem 7 2 
08 the zodiac and is returned to v, the plane — i 
ated that extendedto the ſphere of che heabem it would then mark ten 
the daſhed cirele xv in Which the aſcending node of the mom Wt — 
about the 28 degres of x4 the deſcending node at h about tlie 28 of „ 
to ſhew it ill wote becurütel), it may be repreſented by the eh f gurt e , 
is & per{peQive view of the zodiac, wherein the pointed lie markes e 
tic, and the black line that croſſes it obliquely ſhews' how the moon feel 
from the earth dos het deſcribe in the ſphere of the heaven u circle retire 
ing into it (elf; but a curve returning hs eeliptic twice in every tesdu 
tion of che moon not exaBily in the ſame points herb it Croffecl 1 
tic before, but '&lirile diſtunt from thoſe points, back wald or cohtrary 
che order of the bigus: thus, in the figure before us, if at the begin — 
one periodical month the moos aſcendling node was ite begin 
the next it ud be i ati the beginning of che next, c, & in like anter 
che deſcending-nedd changes ies place, as may be ſeen av the 6 qu 210297 no 


1110 Ts 091 Aub Ingo anom 2 40 Ned baatfcnt ulli ay ds / 
mf 01197 DEB ASGONut e qa2Þ 37 07 DITION) VIM "TEST. 


cr. 2. ruf rut eri e eee bebt , 
pe ke bose ri rum rich fernen RN 
bn bun eur att .: * tit: Ii 51 35 11d Hood Joi J0- 
964 The ſecon Nun ir ak ok gh bodies, ai 
luminous only on 810 part of them which ko — light from 1 T's ſun 
reflects it to ix the Tots, by reaſbf of his Fear diſirice, though initich ! 
than any feronda planet, cam illuminate only one half of not ſerfibly more 
than one half uf ts ſiirface at's time; if thar ſurface were petfecAly imeem 
like'a 2 would be invifible, as was faid of the LY 
ries, 9 722. 3 A 5 
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the earth ſhall have gone round a and: is i mating FIG. 


3 In order to exhibit #6#20ing back; off the moon's nodes; — ob 


ſelf, and conſequently; if we ſuppoſe it extended to che ſphere of the heaven, 
changes its ſituation in ſuch a manner that, ſuppoſing at the beginning —* 


mark thereon che circle A Be nHR 6, in which the b 
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965 The moon being a globular 'opake body of'a-rough furface, every part 
: of} it upon which the light of the fun falls reflects it every way: ſome parts 
of the moon are hetter fitted to reflect the light of the fun than others: the 
dark parts are by ſome philoſophers thought to be ſeas and lakes; becauſe 
che line which divides the part of the moon Which is illuminated by the ſun 
from that which. is not ſo is not jagged and une ven where it paſſes over thoſe 
dark ſpots, as it is where it paſſes over the brighter parts of the moon, that 
are ſuppoſed to be land diverſified wich hills and — It is ſaid indeed that 
a good teleſcope will diſcover. in the darkeſt parts of the moon caverns and 
empty pits, and that theſe cannot be in a liquid body, Keil lect. 10: but may 
2 the lunar ſeas and lakes have iſlands in them wherein there may be pits 
cwwerns? and, if ſome of cheſe dark parts are brighter than others, may 
at be owing to che ſoas and lakes being of different Siptbs, and to their 
da rocks in ſome places, and flats in others 7? 
980 The ſurfape of the moon is not only rougb, but chere are en 
i very high. mountains, and deep yalleys;, if the ſurface of the moon were 
Sen, gone of its parts prominent above the reſt, the illuminated part would 
be divided from the dark, in the half moon, by an even. ſtrait line, and, in 
All other. phaſes, by an even elliptic line; whereas, if we view the moon 
through a teleſcope, we find no, regular line ſeparating, light and darkneſs up- 
on her ſur face; hut the confines, between them are very -irregular, and as it 
were indented, with innumerable breaks: and even in the dark part of the 
moon, near tho lucid ſurface, are ſeen ſotne ſmall places exceedingly bright, 
that ſeem to ſtand out and be detached from the body of the moon: theſe arc 
no other than the tops of mountains and rocks, that, by reaſon of their height, 
are illuminated by the fun, when he is in ſuch a ſituation that his light can- 
not reach their lower parts, not thoſe places on the ſut face of the moon up- 
on which theſe rocks or mountains ſtand. Tbere are alſo obſer- 
vable upon the illuminated part of the moon ſeveral darkiſk ſpots, that by 
the teleſcope are plainly diſcovered to be deep cavities, ſurrounded with hills 
: that caſt a ſhadow | into them: for this ſhadow. is caſt on different ſides of the 
cavities, according as the ſun is in different poſitions, in the increaſe or wain 
of the moon, but at the full moon, when the ſun's rays are perpendicular to 
the bottom of the cavities, no.ſhadow is ſeen therein. 
967 The moon going round our earth in a much leſs ordit chan the earth 
45 revolves. in round the ſum, ſometimes more ſometimes leſs. and ſometimes no 
part of her enlightened half will be towards us: and this is the cauſe of the 
- + different phaſes of the moon before mentioned $ 957. If a ſmall globe be 
i one half black and the other white, — 
ä if 
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CHAP: 2. R. 
ee. bene eee * 
the full to the laſt ꝓhaſe in: which the moon appears juſt before her * 
ing ſo near conjunction with the ſun as to be inviſible. How cheſe ſ 
— —ẽẽẽ — | 
and the earth mayralſo be cafily underſtopd by the following figure; 8 
let s be the ſun, E the earth, let abe & be the orbit of the moon; 
when the moon is at @ in conjunction with the ſun the whole dark hemdi- 
| ſphere of her is towards the earth, ſhe is therefore at that time inviſible to 
us: when the moon is gone from a:to# a ſmall part of her enlightened hemic 
ſphere will. by turned towards the earth. and the then appears 28 at U a0 nme 
goes on in her orbit according to the ordet of the letters, mure and mort of 
her enlightened bemiſphere in turned towards our earth, ſa that at e h,jLꝭͥ 
as at c, at d ag at oi hen the moon is at e half her enlightened ande 
| 


- 
ö — * 
* — . 8 
” 


Pol her dark hemiſphere is turned towards our earth, and ſhe appearsas at 
E: thus the moon turns daily more and more of her enlightened l 
towards the earth, ſo that at f ſhe appears as at r, at g as at o, at h as at 1 2 
till at 5 her whole enlightened hem iſp here is turned towards che earth, and 
ſhe appears a full moon, as at 1: from thence, at i, I, 1, u, &ciſhe turns s · | 
very day leſs and leſs of her enlightened hemiſphere towards the earth, and f 
appears as at x L= My u, & ſhe wing us ſucceſſively che ſame phaſes as be-. 
fore, mn 0x7 0s ill a aich n, 1 

| 

| 

| 


A at a, and is again inviſible. - c ei AT ee 1 $ 

968 When the moon-is in quadrature with-che fun at b and hee us half, | 
her half her dark hemiſphere, ſhe is ſaid to be in . SY OS 
or to be Bi aal 'this/phaſe of the moon is of all others the moſt eaſy ont | 
the exact time of, by two obſervations of the line that divides the brig part _ | 
of the moon from the dar one before the dichotomy. When iche line rom „ 
beiog bent begins to appear ſtrait; the othet after the dichotomy, hen hat 3 
line from being Krair- begins to appear bent; the middle time between eſe 
two obſervationa is the moment of dichotomy. The time of the enutt fall * 
moon is not ſo eafily found by the phaſes, becauſe there.is no ſetbibleidifie> * = 
rence in the pha ſe of che moon for a confiderable time when at the füll. I” 

969 To af placed upon the moon our earth would, every mauth, 
ſhe all the 
i only the dark half of the earth is turned towards the moon, and 
ly the earth would there he:inviſible: when the moon is & A ſmall part 
the enlightened half of rhe each is rarned-towards the moom and wenuld her. 
a ſpectator there the ſame appearance as a new moon is td us: and as 
mov n IIs: order of the letters eee, 

3 A2 


9 moon: thus, fig. 8, —— 
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vi. more of the enlightened half of the earth is turned towards che moon, and 


would exhibit to a ſpectator there the phaſes of an i moon, till the 
moon is artived at 4, here the earth would appear as a full moon; from 
thence; as the moon goes round to the order uf the letters a'b c d 


Kc, the earth would ſhew all the phaſes of the waining moon, till the moon 


would appear much larger to a ſpectator upon the moon than the moon does 


is arrived again at i, where the earth, being again in conjunction with the 
ſus in reſpecł of a ſpectator placed upon the moon, would be again inviſible 
to him. T he earth being much larger than the moon, the diſk of the earth 


tous and conſequently, if the earth and the moon are equally fitted to re- 
flect che light of the ſun, the earth throws a much e eee e 
eee ee eee eee e Jt: DIO gil 
97 For a few-days before and after conjunction with che aun ater 
— at a, hc, d, or 9, fig. 8, the dark part of the: moon's diſk is not 
dark, if it were ſo, it would be quite inviſible to us: that obſcure 
light which makes .it then ſeen by us is reflected upon it from the enli 
ened half of the earth, which is at thoſe times turned moſt directly towards 
the dark fide of the moon: in all other ſituations, as e, /, g. b, m, u, o, p, fo 
much of the dark half of the earth is turned towards the moon that ſhe receives 
very little light from the earth, or is in ſuch a poſition that a great deal of 
. whar ſhe does receive from thence is not reflected towards the earth, but is 
ſeattered into the ſpace which ſurrounds the earth: add to this, that the 


more we have of the illuminated half of the moon turned towards our earth 


the larger is the duminous object which the moon preſents to our view; and 
ceomſequently, the'weaker impreſſion will the faint light of the obſcure part 
of che moon make upon the eye: in theſe caſes, only the bright part of the 
| moon which is immediacly enlightened by by the ſun is viſible to u. 
Wen the moon is in conjanRion with the ſun or very nearly ſo the is in- 


me tough, in that ſituation, che illuminated balf of the earth is moſt 


7 be obſerved in general, that, whenever an object makes a very 


| turned towards the dark part of the moon, and throws the greateſt 
' quantity of light thereon: this ig owing to the/nearneſs of the ſun, whoſe ſu- 

perior brightneſs prevents the weaker light not only of the moon, but that 
of the ſtars and planets alſo, from being ſeen, when very near him. It may 
ſtrong im 

_ flow upon any of our ſenſes, any orher object-which ar te me time fits. 

| weg vp upon the ſame ſenſt will be quite imperceptible. 

991 Toa f peRator placed upon jupiter ot faturn every ſtellir of the pla 
5 * eee time of its revolution round 
2 its primary, appear to go 8 ho * the mοn this is eaſily ſeen 


* | et. * by 
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by che eighth figure; if we ſuppoſe s to be the ſun; x jopiter or ſarurn, and pre.” 


3 &c'the orbit of a ſatellit of one of thoſe primary planet. 
972 The diſtance of any ſutellit of jupiter or ſaturn from irs primary is in- 


' confiderible/ifevemperetizich diedifiariceof abs primary from the-ſunz'the 


ſatellits therefore of thoſe planets are illuminated by the ſun very nearly in the 
ſame manner as their reſpective primaries are: the diſtance of any ſatellit of 
jupiter or ſaturn from its primary is alſo inconſiderable, if compared with the 
diſtance of the primary from the earth: every ſutellit there fore of jupitet or 
ſaturn, ſeen from our earth, muſt always appeat near its primary; and con- 
ſequently, like its primary, turns much the greateſt part of its enligheened 
half towards the earth, and to us muſt always appear round, as thoſe prima 

ry planets do; ſee $ 726: indeed thoſe ſatellits are ſo ſmall; and cheir diſtance 
Gord fats alata if they were to turn towards us the ſeveral phaſes of 
2 the beſt. teleſcopes would hardly diſcover any difference iti chair 

ſhapes, eee, e eee, ee ee W 


dictions demonſtrate the certainty, of it, but as they ſerve to 6 


the full moon in her greateſt luſtre falls into the hade 
deprived of the 28 5 beams of the ſun, * 0 44 
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pearances that in old time were beheld with terror and amazement, as pro- 

digies that portended great and various calamities to but when. 
came to be diſcovered that they ariſe from natural cauſes, 9 
of their falling out may be foretold long before they happen by the ful 
in aſtronomy, it gave great reputation to that ſcience: nt aly, P BIA 227 


at 19 WH the wiſer part, from thoſe ſuperſtitious, let ee .Whic 

aſd fn by ; diſmayed. :.. Theſe, conſiderations learned, heat! 
ro 9 ſagaciry, of thoſe, who a wer able, as be en, to find, our 
the laws which ſuch Freat deities as the and moon. obſerve, and-mage him 


run out in their praiſes, .as perſans of an Wy al genius. bg had e 


to ſomething above the capacity. of human Win r cen 4 | 
974 The word eclipſe, n., is deriyed from a gre] k war 15 
Ray, 5 diminiſhed. or deficient, 10 faine away, to ſw n 1 7 25 


Ad 


fore her obſcurgtian,: 2 1 . and An from hence the 
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iqnorant heathen R and there- 
fore lunar eclipſcs were called by them lunæ labores, the ſtruggles or agonies 
of the moon; and, in order to relieve her. in that fancied diſtreſs, they uſed 
to hold up on high lighted torches, to keep blowing with trumpets and horns, 
and to make a-clattering/upon veſſels of braſs and iron, and to ſacrifice to the 
* moon aſter the eclipſe was over: this practice we find: to be of great antiqui- 
ty, 4s well as the opinion that it was in the power of witches by their ſpells 
and charms not only to darken the moon, erer Ur ba- Gander 
orb; and force bet to ſhed baleful influences upon the earch * l 7.0 
e h fan ale; yehen che pon comes berween him and our earth, and 
depetves' vs of bis light and bear, appears to us dark or deficient, and was, 
eſpecially when he was totally eclipſed, by many of the ancients thought to 
* turn atvay his face, in abhorrence of ſome atrocious crime that had been, or 
5 r — 
laſting night, and the death or deſtruction pf the world b. 2 
The Chineſe, who have, for above 2000 years before the i incarnation of 
our Saviour, been conſtant obſervers of eclipſes, though they did not take 
much notice : of thoſe of the moon, looked upon eclipſes of the fun in 
as unfortunate, . —— the firſt day of the year they 
thought more particularly foreboded misfortunes to befall their Emperor, 
* who on ſuch occafions did not receive the complements uſually paid him on 
3 de beginning of the new year. When an eclipſe of the ſun was expected, from 
_ the predictions of their aſtronomers, they made preparation at court for the 
8 obſervation'of ix; as ſoon as it was begun, a'blind man bear a drum, upon 
1313 which we are told the Mandarins or great officers mounted their horſes, and 
| there was a concourſe bod xvi wh I ſuppoſe near the court: if an eclipſe did 
not happen at the time foret for they were not very certain in their cal- 
culations, ee Tater open ie as they did alſo if the 
obſcuration che ſun was leſs than was expected, or if clouds hindered the 
eclipſe being file: when the eclipſe was over they offered ſacrificee. 
: 970 The uſe of eclipſes invaſtronotny, Sar“, and chronology, will 
ie - be ikea — it is not amiſs in the mean time, with Ricciolus 
1 J. 5. c. 2. to mention the tendency they naturally had to draw off the heathen 
From that idolarrous worſhip which chey paid to the ſun and moon: the Ynca 
NC SD ee ee eee 
.. 10, reaſoned very juflly, "when he concluded that the ſun e 


A Peteres feripteris, Srefertias poets of biftori, puſim. 0. quot citat'Rieciolus, I. 51 6. 1. 
b v. Plin. zat. Bb. 1. 2. c. 12. of gue ibi annotavit Dalecampius. v. etiam Ricciol. 1 5. e 
„ee er trite de Foftrenemie Chinciſe, wol. 2. p. 140. et vol. z- 5. 241. S = 
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des divine being, becauſehe could obſerve in him no token of freedom or will, 
but that he went on neceſſarily and invariably always in the ſame courſe; as1 
under the direction of another: ought not men to have degraded the ſun an 
moon from their fancied divinity, when they ſo often ſaw them to be wholly | 
or in part deprived of their light, or hindered from ſending it upon the earth? 3 
977 Something has already been ſaid, 5 947, about the diſtance of | 
moon from the earth, and that this diſtance is variable, 5951. It will be pro 
| upon eclipſes of the moon to ſhew by e 


being found, her diſtance y Won the center of the earth may be — 
147. Thete are ſeveral ways of finding be horizontal of the non, 
which-may be ſeen-in- Nicciolus, Tacguet, Keil, &c. I ſhall give a ſhort ac - 
chunt of two of them: _ The firſt is from Ptolemys Almageſt . 5. c. 13˙UH 
978 Ptolemy, at Alexandria in Egypt, the latitude — — n 
58 obſerved the meridian altitude of the moon when in her greateſt north 
latitude at the fame time that her longitude was in the beginning of , and 
found her diſtance from the zenith 2 and ;; of a degree: ſo near the zenith, 
he thought parallax to be inſenfible, the pole of the ecliptic being in cheplane | | 
of the meridian at the time of the obſervation; the exceſs of the mobn s ati - 
tude above the altitude of the higheſt point of the ecliptic, or of the tropic 
of / gave ibe mom i greateſt latitude 5. By another obſervation of the me. 
ridian altitude of the moon, near her greateſt north latitude, and in 30 uf | ? 
of %; when her true diſtance from the zenith was 4948, her apparem di-. 
ſtanoe was found 5300 55; the difference berween theſe two diftances in Y, 
which is the moon's parallax when her apparent diſtance from the zenith is 
50 55: no allowatice is here made for jon, the effects of it being uu— |. 
known in the time of Prolemy. In the firſt obſervation ſo near the zeniiii ra- 
fraction is inſenfible; in the ſecond, when the altitude of the inden 
was" but 39 5 refraction inereaſed it about J, as by che table p. a N 
that by Prolemy's obſervation eorrected by allowing for refra&tion, TTY 


parallazar the aleirude of 39 comes out 156 now by 5 82 ;, Koroll. 2, as 

the ſine of 500 5 — 2 diftance from the zenith at che time of the 
cond obſervation to 1* U her at that altitude, ſo is the wholeifinewo | - 
her borizomtal parallax: which by calculation comes out 1 2h m- ö 
nifeſtly too great by ſeveral minutes and is mentioned here only t0-thew ine 
method: if che numbers in che preſent ng be not faulty hs 
obſervations were ot very exact. + W 27 x) ONES 0h 10 Geri 1 | 
978 Another method of finding the patalloxef: the moon mentioned 
* 21, is this: in * nn 


ine 5 _— 00 


372 ASTRONOMY - . BOOK: 3, 
altitudes of the tips of both horns, at the moment when they are both in the 
ſame vertical: add half rhe difference of theſe two altitudes to the leaſt of 
them, or ſubtract it from the greateſt, and you have nearly the apparent al- 
titude of the center of the moon: but her true altitude is nearly equal to the 
altitude of the center of the earth's ſhadow at that time; now we may know 
the altitude of the center of this ſhadow, becauſe it is always oppoſite to the 
ſun's place in the ecliptic, and the ſun's place in the ecliptic and his depreſ- 
ſiom below the horizon, and conſequently the altitude of "the oppoſite point 
of the ecliptic at any time may be known: the difference between the — 
rent and the true height of the moon thus found is her paralla. 
The horizontal parallax of the moon being known, her parallax at any 
given altitude may be thus found: as he whole fine is to the horizontal pa- 
rallax, ſo is the coſine of the moon's given altitude to her parallax at that al- 
| tirude: this propoſition is the converſe of that at the end of F& 978.  » 
980 The moon's diſtance from us being variable, by reaſon * her going 
1 ——— carthia placed, aſtronomers 
2 from the center of 
the earth, for every part of her ellipſis: the tables begin by telling what the 
| moon's horizontal parallax and diſtance is when in the point of her apogee; 
vrhere the diſtance is greateſt, and the horizontal parallax leaſt; and procted 
to ſet down hat they are for every five degrees of her anomaly, or of her 
diſtance from her apogee: in the apogee the moon's anomahy is ſet down of, at 
ſiye degrees diſtance from her apogee the moon's anomaly: is ſaid to be 5%, at 
tem degrees diftance from her apogee her anomaly is 10", &c. Beſides that now 
mentioned, there is alſo another variation in the diſtance of the moon from the 
earth, and in her horizontal parallax, ariſing from the ſituation of the earth 
and the moon in reſpect of the ſun: for, in the ſame point of her elliptic or- 
bit, the diſtance of the moon from the earth will be greateſt in the quadra- 
tures; and leaſt; in the ſyzygies: mean in the middle between the quadtature 
and {y2ygp, hen the moon is an eighth part of a circle diſtant from the ſun. 
According to sir 1/aac Neuron, the horizontal parallax of the maan at her 
mean diſtance. fem the earth, when ſhe is in ſyzygy, is 57. 30; and her appa- 
rent diameter 31 30': when ſhe is in quadrature, at her mean diſtance from 
the earth; her horizontal parallax is 55 407; her apparent diameter 3 3”: 
when the moon is diſtant from the ſun an eee een 
diſtance from the earth, her diſtance from the earth is a little above 60 ſemi- 
diameters of the earth. Gregor. aſtron. I. 4. prop. 29. The ſame learned au- 
thor in his principia matbem. I. 3. prop. 37, determines the mean diſtance of 
e of the earth: „ the 
l meaſure 
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more than it was ſet down in round numbers, 5 147. Ma 
981 The diſtance ofthe men form the tart ind ber apparat abe | 
being given, the trae diameter of the moon may be found by F 148. From the 
apparent diameters of the moon at her mean diſtance from the earth in ſy⸗ 
zygy and quadrature, ſet down in the preceding ſection, Her mean apparent 
diameter, when at her mean diſtance from the earth and in the middle be- 
tween ſyzygy and quadrature, is 31 16'::* from this apparent diimeter and : 
her diſtance juſt now given of 249634 miles the moon's true diameter 


out 2184 en es, a little more than I gave it in round numbers 5 148. 
From hence, rhe eren of the muas is equa? to about 4 73th 
pare of the ſurface of the earch, $204. 


And, th ld content of the moon is qua to about d par of th Gli 
dontent of the carb, F 20s. 

982 Every planet, primary or ſecondary, illuminated by the fan: 47 
ſhadow towards thar point of the heayen' which is oppoſite to the fn, IT 
the ſun were equal to the planet illuminated by him, the ſhadow would be 
cylindrical, or all of the ſame bigneſs: as fig. ꝙ, if the Planet illuminated 9 
were larger than the ſun, the ſhadow woald grow leger s k welt Ader 
from the planet, as in fig. 10; this ſhape of the ſfiadow is called calathoeides, 10 
from calathos a baſket, becauſe it is fimilar to the ſhape of x'Vaſket which 
grows wider from the bottom to the topf in boch theſe cafes the 
would be infinitely extended from the Planet The ſun being k 
of the planets, the ſhadow of every planet enlightened by the f 
the baſe whereof 0% great cirde dere de planet 
lightened from the dark hemiſphere® thus de fhadow of tlie 
leſs and leſs as ĩt goes further fron choca; clit ends in coor * 
vertex of the cone; fig; 11 Fo (ure 0 JIOKW 179 * TOO 

983 From the magnitude of the ſun and earth, their diſtance from wil 
other, the refraction of che atmoſphere, and che diſtance of che agen m | 


point at a diſtanice from the earth which is leſs than the ſe 

moon's- orbit; be moon therefore 18 ob A De ty th Tho 9 7 | 

alone. —— T he atmoſphere of the. Ta refrücting 1 8 6 SY 
the fun and refleting others, ciſff f caſts 4 de berker 3 
one, as an opake body does: when wt $ 
into the ſhadow Uf the earth, Ir 
earth is to he underſtood: — 


the earth's MILLY — II 


meaſure of the earth ln 457; amounts to $$0034 engih mites and ir me re 
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710. is.longer ; a is eaſly ſcen by fig. 12, where s repreſents the ſun, abe the ſha- 
| 12 dow of the earth, ABC the ſhado of the atmoſphere; inchis figure refraQticn 
is not conſidered. The height of the atmoſphere 94 of ſuffic.ent denſity to 
caſt a ſhadow is ſuppoſed to be 40 or 50 geographical miles, ſee book 2; 
chap. 13. the atmoſphere reaches higher than this, but the upper part of it i 
5 ſo chin as nat to obſtruct the light of the ſun ſo as to cauſe any ſenſible ſha- 
dow, and is not therefore to be conſidered in eclipſes. Ses the remarks. 
5 984 The axis of the earth's conical ſhadow, extended from the earth, 
falls always upon that point of the ecliptic that is oppoſite to the ſun's geo 
centric place: thus if the ſun's, place be in the point v, the axis of the earth's 
ſhadow extended from the baſe through the vertex terminates in the point = 
- 985 The beight of the conical ſhadow of any planet, which is called alſo the 
axis of the ſhadow, and is the length of the cone, is greater or leſs 
— is at a greater or leſs diſtance from the ſun; thus the cone of the 
earth's ſhadow is longeſt when the earth is in aphelion, ſhorteſt when, in 
13 perihelion. In fig, 13 let s be the ſun, when the earth is in aphelion at 4} 
ſhado adowy cone is x DF, the height of the ſhadow is AD; when the earth; 
1 e eee Hl, the axis of the ſbadow is pc, which 
is fs chan Ap: for z pr is the angle under which the ſun's apparent dias 
meter is ſeen from , at the diſtance 80; and 101 is the angle under which 
the ſame diameter is {cen from c, at a leſs diſtance s c: therefore the angle 
EDF is leſs than n cl, $ 242: and the cones n and z Dr having equal 
= che cone E Dr will be longer than, the cone HCI, ere 
ts. . 
986 The earth's conical ſhadow always ends in 6. poor n lech Mang 
From the earth chan the diſtance of the bit of mars from the earth's obi 
and therefore mars can never fall into the ſhadow. of the earth: much leſs 
ein Jupiter or farurn, whoſe orbits are at much greater diſtances from the ord 
bit of the earth, than the orbit of mars. ö 
f From \ 91 and 66g, the peribelion aner of mare from the ſap comal 
Ie ah, Hom. which fpigracing whe aver i 
ſtance of the earth from the ſun, 20600 ſemidiameters, & 917, we ſhall have 
nearly the leaſt diſtance that mars can ever be from the earth, 7880 ſemidis- 
meters of the earth: but the greateſt height of the ſhadow of the armoſpherg 
is not more than ee een. e eee e eee 
"dow can never reach mars. | | 
_ The height, of th cop of he ado of th waſp i l h 
"cc than Mn ee Fan 12 
; | 3 Se 1 27 79 | 7 —5 t N 
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. ASTRONOMY 3 


moon in oppoition be in or near one of her nodes, the will fall into chat 10. | 
ſhadow and be echpſed. 


The height of the ſhadow of the atmoſphere is never leſs than 212 n 5, 
* 


diameters of the earth, the greateſt diſtance of the moon is not more than 72 
ſemidiameters : conſequently the moon in or near to a central ren * 
muſt fall into the ſhadow of the atmoſphere. L 
988 At the ſame diſtance of the earth from the ſun, the nearer the moon 9 
is to the earth the larger is the ſhadow where ſhe paſſes. through it, becauſe 3 | 
7 "7 1 


nearer to the baſe of the cone: thus, fig. 14, if the moon be in apogee, the 14 7745 
the arc AF is part of her orbit, and ſhe paſſes through the ſhadow where its A 
diameter is 3c; if the moon be in perigee, the arc PG is part of her orbit, - + 
pats COIN ſhadow where its diameter is v u, greater than Bc. "ht 
989 The conical ſhadow of every planet is encompaſſed with a penumbra 3 
or thinner ſhadow; the penumbra is all that ſpace ſurrounding the ſhadow 8 
into which the rays of light can come only from ſome part of that half of 3 
the globe of the ſun which is turned towards the planet, all the reſt being E1 
intercepted by the planet: the penumbra is in ſhape a piece of a cone, the „ 
vertex of which cone is between the ſun and the planet: as the penumbra goes : 
farther from the planet, it increaſes in largeneſs, being of the ſhape called „ 
calatlveides, and therefore its extenſion in length is indefinite, $982; the axis _ 
of it coincides with the axis of the ſhadow: in fig. 15, let s be the ſun, E a I5 A 
planet, the penumbral cone is yn o, the axis of it is n c, the vertex x, which Be: 
is the point where any two lines, as 1G and LF, ven WI o che ſun 2 
and the planet on oppoſite fides, interſect one another. 3 
We may imagine the penumbral cone to be generated in this manner, the | „ 
point x remaining immoveable, let 16 or LF indefinitely extended be turn- 15 , #7 
ed round, always paſſing through the point 1 and touching the ſun und the 5 | 
planet E, and there will be generated an indefinite conical ſurfuce y H, edn — © 
prehending beſides the cone A H B, both the ſhadow A cs; and the circumn- . 4 a 
ambient ſpace v Ac, c, which ſpace is the penumbra. : 22 5 3 


990 The nearer any part of the penumbea-l#4o the ſhadow;'the lefiliſhn. . "i 
does it receive from the ſun; the farther off any part of the penumbra is from 1 
the ſhadow, the more is it enlightened by the fan: thus fig. 1 the partie 15 = 
the penumbra near M are illuminated by thoſe rays of light only which come 3 
from a ſmall part of the ſun's globe near to 1, all the reſt being'inrereepted 1 
by the planet E: in like manner, the parts about i enn receive only che ht „ 
chat comes from à Hall part of the ſun near te 1, whereas the parts ef che ad ITE: 
penumbta ac y and Care enlightened in a much greater degree: "or the pla- © . 
es IE Wy =p come from 9 : 

3 B | 


PPP 


N A : 
- 
* » 
. 4 * 
N - 
CID 
4 + k 
1 3 


6 ASTRONOMY BOOK 3. 
510. the ſun near L; and hides from d only a ſmall part of the fun near 1. As for 
15 thoſe parts of ſpace which are out of the penumbra, as T and v, they are en- 
＋ tirely illuminated by the ſun, none of his rays being intercepted dn them 
EY „ e 

| 991 In order to know what part of the ſun's light is intercepted benden; 
16 point within the penumbra, as o, fig. 16, imagin a line to be drawn from 
o extended beyond the ſun, as or, and to be carried round always touching 
the planet x, this line would deſcribe the conical ſurface Tov, which cuts 
off from the ſun's globe the ſegment abc d, this ſegment could not be ſeen 
at o, the rays of light coming from it towards o being intercepted by the 
planet x; and therefore the diſk, of the fun ſeen from o would Pen as in 

17 fig. 17, _ the bright part aec6 being viſible. ; £2 
© 8 992 The moon e chen. 
* do of the atmoſphere: this cauſes her gradually to looſe her light, which is not 
BE» ſenſible at firſt, but, as ſhe goes into the darker parts of the penumbra, ſhe 
| grows paler, juſt before her entrance into the ſhadow: in effect, the penum- 
1 bra where it is contiguous to the ſhadow is ſo dark, that it is difficult to diſ- 
LE tinguiſh it from the ſhadow ; eſpecially at the beginning or end of a lunar 
eclipſe, When the moon is entered a little way into the ſhadow, the edge of 
the ſhadow ſeen upon the-moon's diſk. is better defined; ſo that it is eafier to 
determin the time when the edge of any ſpot in the moon firſt touches the 
ſhadow, than it is to determin the moment when the edge of the moon's diſk 
firſt touches it, and begins the eclipſe: it is alſo eaſier to determine the time 
when a ſpot leaves the ſhadow, than the time when the difk of the moon 
gets clear of it, and ends the eclipſe. 
993 Z eee | 
the diſtance. of the moon's center from the earth by a plane indefinitely ex- 


«4 &- * Ae: 1 PE "ky ; 
* ot 


* tended every way parallel to the baſe of the cone: this ſection will be a cir- 
"+. cle, which. I ſhall call ⁊be circle of the earth's ſhadow: the center of this cir- 
- 1 cle is always in the plane of the ecliptic. The circle of the carth's ſhadow | 
4 When the earth. is at the ſame diſtance from the ſun, is greater, the nearer |} 
+ 


the moon is to the earth q 988. The circle of the earth's ſhadow is greater, when | 

. 13 the moon is at the ſame diſtance from the earth, the farther the earth is from | 

7 the ſun 5885. The apparent ſemidiameter of the moon in her ſyzygies is about 

7 * 253 che ſemidiameter of the circle of the carth's nei nearly Bru | 

35 . TY 23 * 
994 moon in on be in the node, ſe moon 

18 be total and central, e chn cadet ele but not central, | 

19 1 25 ff far from the n | 
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the eclipſe is partial, fig. 20: if ſo far . ellis vi. 
center from the center of the circle'of the carth's ſhadow is greater than the 20 
ſum of the ſemidiameters of the ſhadow and of the moon, as f. Ab ore 21 
qual to that ſum, as fig. 22, ſhe will not be eclipſed at all. 22 
995 The moon is ſometimes in the middle of a total eclipſe invilible, i 
ſome places and not in others, becauſe of the different conſtitution of the air, 
v. Hevelii ſelenograph. p. 117. but generally ſhe appears of a duſſey reddiſh: 
colour, eſpecially towards the edges, being more dark abeut the middle of 
the ſhadow: this colour is owing to the rays of the ſun, or to the light of the 
ſun's atmoſphere refracted through the earth's atmoſphere, or to the light of 
the ſtars and planets; moſt probably to the firſt of theſe: the red-making 
rays being leaſt ſubje&t to refraction or reflection, may paſs through the al- | 
moſphere in the greateſt quantity, 5 765. v. Kepl. epit. aſtronom. p. 850. Ric- : 
ciol. I. f. p. 306. Greg. aſtron. lib. 1. prop. 18. Mem. d Acad. ann. 1704. 
996 The ſun or moon ſeen from the earth, or che earth ſcen from the ſun 
or moon, though ſpherical, by reaſon of their diſtance, appear like cireular 
planes: theſe circular planes are called the diſts of the ſun, earth or moon. The 
apparent diameter of the diſk. of the ſun or moon is by aſtronomers: divided 
into 12 equal parts, which are called digits: each digit into 60 parts, which 
are called ſcruples or minutes: as many of theſe digits and ſeruples as are co- 
vered by the ſhadow in the middle of a partial lunar eclipſe, ſo many digits. 
and ſcruples of the moon are ſaid to be eclipſed. In a total eclipſe of the | 
moon without ſtay, the moon is eclipſed 12 digits, fig, 23: in a total eclipſe 23 . 
with ſtay, ſhe is ſaid to be eclipſed ſo many digits as are contained between 
the edge of the moon neareſt ta the center of the ſhadow and the edge of tie 
ſhadow neareſt to the moon: thus, fig. mann es 19 
digits. Greg. aſtron. I. 4. prop. 39. ji 1 F O80 | 
997 The motion of the mona in ber dbrbit being ee che beginning 
of a lunar eclipſe er. moon's diſſe touches the 
weſtern edge of the circle of the ſhadow: the end of a lunar echpſe: when the 
weſtern edge of the moon's diſk leaves the eaſtern edge of the: circle of the 
ſhadow: in a xotal eclipſe, che time: the whole diſte ie in che ſaddzaig eat 
the lay, duration, or time of total immerſion, os 18, % 48 
998 The beginning or end of à lunar eclipſe, be ing iastagehme will 19. 
ſerve to diſcover the longitude, but not accurately; — — 
numbra, the beginning appears too ſoon, the end too late to the naked eye, 
and even to the teleſcope; and not at the fame time to all eyes: for this rea- 
fon the longitudes of places determined by eclipſes, eſpecially thoſe ohſeryed 
* che invention of teleſcopes, cannot be depended upon. * 


c. 50. 


© 1 
** . 


378 AST RONOMx | BOOK 3, 
F1G. c. 56. The moderns, that they may have a greater number of opportunities 
of determining the longitudes than the beginnings and endings of eclipſes 
© would afford, do it by obſerving the times of the moſt remarkable ſpots of 
the moon entering into the ſhadow, or the times of their emerging out of it* 
for this purpoſe, aſtronomers have given names to a great many of the moſt 
remarkable ſpots upon the ſurface of the moon, as well the bright ones as 
thoſe that are dark: Hevelius has denominated them from mountains, iſlands, 
countries, and ſeas upon our earth, where he could fancy he faw any ſimili- 
tude between them; and, for want of that, has given a few of them fictitious 
geographical names. Ricciolus has given to many of the ſpots of the moon the 
names of ſeveral ancient and modern aſtronomers, mathematicians, and phi- 
24 loſophers; others he has named after che manner of Hevelius: fig. 24 is a map 
25 of the moon exactly copied from Hevelius: and fig. 25 a map of the ſame 
5 from Ricciolus. Sometimes aſtronomers, in obſerving lunar eclipſes, - firſt 
meaſure the moon's apparent diameter with the micrometer, and by the help 
of the ſame inſtrument, ſet down at ſeveral times the diſtance in minutes and 
ſeconds between the points of the horns of the moon: and ſometimes they ſet 
dan at ſeveral times how many minutes and ſeconds of the moon's apparent 
diameter are clear of the ſhadow: by either of theſe methods, they get a num- 
ber of inſtantaneous obſervations, in order to determin the longitudes of pla- 
ces; or to find the exact time of the middle of the eclipſe, a thing of great 
uſe -» <a theory of the moon's motion, and correcting the tables 
999 The quantity of a lunar eclipſe depends 1%, upon the largeneſs of the 
circle of the carth's ſhadow, whoſe diameter may be different by 5 988, 993: 
EE  2dh, upon the apparent diameter of the moon, which may be different by 
980, 3dly, ceteris paribus, upon the diſtance of the moon from her node, at 

the moment of her being at the full. E- | 
1000 The duration of a lunar eclipſe depends partly upon its quantity, part- 
Jy upon the velocity of the moon's motion croſs the ſhadow, which is the 
ſame as her motion from the ſun. The moon's motion from the ſun is ſwift- 
eſt when ſhe is in perigee, and the duration of a central eclipſe will then be 
ſhorteſt, though the moon's diameter and the diameter of the circle of the 
earth's ſhadow be then greateſt; becauſe the greater length of the moon's way 
through the ſhadow is more than compenſated by the greater velocity of the 
moon's motion. Kepl,, Afr. p. 868. The longeſt duration of a central lunar 
eclipſe, that is, when the earth is in aphelion, and the moon in apogee, is ac- 
2 Mewires 4 Acad. Phil. Tranfef. Hevel. Selenegs. p. 486. ts. ©  _ 
4 Ren pag- 314. &e. 
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cording to Ricciolus, 3* 57 6. The ſhorteſt duration of a central lunar eclipſe, y16. 

that is, when the earth is in perihelion, and the moon in perigee, W * 

to Kepler, 3u 37 200, Epit. Aron. p. 868. | 

1001 The limit of a lunar eclipſe is a certain number of degrees minutes 

and ſeconds which if the full moon's diſtance from her neareſt node exceeds, 

ſhe will not be eclipſed; if it does not exceed, ſhe will be eclipſed. Ricciol. 

. Almag. I. 5. p. 309. Greg. Aſfiron. I. A. pr. 3 5. Theſe ecliptic limits are variable; 
when the diameter of the circle of the earth s ſhadow and the appa- 

rent diameter of the moon are both largeſt; leaſt, when thoſe diameters are 

both leaſt: mean, when the ſum of thoſe diameters is mean. According to 

Ricciolus the greateſt ecliptic limit of the moon is 12® go from her neareſt 

node, when her laticude is 1* C 6”: her leaſt limit 10%, when her latitude is 

52 6˙. Almag. J. 5.5. 310. The mean limit is faid by yon. Echp. Calcul. 

P. 5. e e 11* 409. In any full moon that happens when the moon is 

between her greateſt and leaſt limit, ſhe may or may not be eclipſed, accord- 

ing as the diameters of the ſhadow and the moon are greater or leſs: in eve- 

ry full moon that falls out when the moon's diſtance from her node is leſs 

than the leaſt limit, ſhe muſt be eclipſed. See the remarks: -.. 

1002 To know whether there will be an eclipſe of „ xivca 
full moon; and if there will, whether partial or total, with; os without ſtay. 
The time of the full moon being given, find the ſun's place for. that moment, 
which will give the place of the center of the earth . Mat is, in the 

te point of the ecliptic: for the ſame moment find the yighe's place, and 
the place of that node of the moon which is then neareſt tothe ſhadow, and 
he angle the moon's orbit makes with the eclipric; als ; 29, 21, 22,23, 19 
let xy be an arc of the ecliptic, abcd an arc of cthe*orbj of the moon in 29 
which ſhe appears to move according to the order of cock Letters, u M an arc 21 
of a great circle drawn through the center of the ſhadow, perpendicular to 22 
the moon's path, theſe arcs being ſmall may be repro rait lines wich- 23 
out any ſenſible error. The moon is neareſt the center df xe fadow, when 
her center is in the line MN. and therefore, if N is then in the 
middle of her eclipſe. If the diftance of the moon's Fener from the cen- 
ter of the ſhadow be greater than the ſum of the ſemidiaineter of the ſhadow 
and the ſemidiameter of che moon, as in fig. 21, or eg equal to it, as 21 
in fig. 22, chere will be no ecligſe: if the moon's diſtance be 1e chan that ſum, 22 
but greater than the difference between the two ſemidiameters, as in fig. 20, 20 
there will be 4 partial eclipſe, of as many digits of the moon as are then im- 
merſed in the ſhadow: if the moon's diftance be exactly equal to che difference 
between the ſemidiameters of the moon W as in fig. 23, the 23 


- eclipſe 
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516. eclipſe will be fra without Pay: if her diſtance be leſs than the difference be- 


18 tween the ſemidiameters, as in hg. 18, 19, the echpſe will be 7otal with flay: 
19 that is her whole diſk will continue ſome time in the ſhadow, which ſtay 


will be longer or ſhorter according to che length of the moon's way through 
_ the ſhadow, and the velocity of her motion from the ſun.Greg.Aftr. l. 4. p. 35. 
100; In a central eclipſe of the moon, the refraction of the earth's atmo- 
- ſphere will make both the luminaries appear above the horizon, in thoſe pla- 


26 ces where they are really both in the horizon: thus, fig. 26, let u be the 


center of the earth, the line AB is the rational horizon to a perſon who is at 
H, as It is alſo to his antipodes on the oppoſite point of the earth at L, let a 
be the true place of the ſun, » the true place of the moon, by refraction a 
| at E will ſee the ſun at p, the moon at c; in like manner; his anti- 
podes at L will fee the ſun at E, the moon at r. The refraction of the hea- 
venly bodies when in the horizon is about 33, as by the table p. 254, che 
apparent diameter of the ſun is not quite ſo much when greateſt, pag. 333; 
ſo that refraction will make the ſun appear above the horizon when he is in 
reality entirely below is, the ſame may be ſaid of the moon, whoſe apparent 

m dilers very Lecde froca-that of the fun.” Ricciol. Almag. J. 5. p. 307. 


| Remarks upon $ 983. 


1004 Kepler was the firſt who, by conſidering refraction, made this dif- 
covery, that the light of the ſun in paſſing ae e eee 
earth is refracted in ſuch a manner that thoſe rays which come from 
edges of the ſun's diſk muſt interſe& each other, e hd Ag i WE 
-the place of the vertex of the true ſhadow of the earth,at a diſtance from the 
eee eee than the brakkimcner of the cehie of the 
moon; his ſcheme may be ſeen in his aftronomia oftica p. 268, and in Ricci- 
olus, who gives it firſt as it is in Kepler, and afterwards wich ſome correcti- 
ons of his own, almag. I. 5. pr. 4: both theſe authors have drawn their figures 
as if the armoſphere were throughout of the ſame denſity, and as if the up- 
per region of the air refracted light in the ſame degree as thoſe parts of it 
which are near to the earth, a farther correction is therefore neceſſary: u. 

Tacquet aftron. I. 4. c. 4. but the following lemma is firſt to be premiſed. 
1005 All right lines which can be imagined to be drawn from the ſame 
Point of the ſun to any part of the earth or atmoſphere may be looked upon 
as phyſically parallel; becauſe the diameter of the earth or atmoſphere com- 
' pared with the diſtance of the fun from the earth becomes inſenſible: the ſe- 
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to the horizontal parallax of the ſun $ 824, if we ſuppoſe the height of the 210. 
atmoſphere to be 50 miles, the ſemidiameter of the earth and atmoſphere ſeen _ 

from the ſun would not exceed 1001. In effect, the diſtance of the ſun from 
the earth is ſo great, that not only the earth but even the orbit of the moon 
ſeen from the ſun would appear but as a point, and all lines drawn from the 
ſame point of the ſun to the earth or moon are phyſically parallel, that is, do 
not deviate ſenſibly from paralleliſm, eſpecially at the time of eclipſes, when 


the earth and moon ſeen from the fun would appear very near to each other. 
1006 In fig. 27, let the cirele x Tv repreſent the earth, Ros H a great 27 


circle upon the convex ſurface of the atmoſphere where it is denſe enough to 
cauſe a ſenſible refraction: let the rays z o k and x HL tangents to the fun in 
2 and x, and tangents to the earth in K and 1, be continued till they meet 
in c: if we imagine theſe lines to revolve round the line AB c drawn through 
the centers of the ſun and of the earth, they would deſcribe the cone x c, 
which is the ſhadow the earth would caſt if there were no refraction from 
the atmoſphere that ſurrounds it. Now fince the line 2 6 at its entrance into 
the atmoſphere at G is refracted towards the perpendicular GB, it will not 
go ſtrait. on to c, but will fall upon the earth ſomewhere at v, and, for the 
ſame reaſon, the line x H will fall upon the earth at T; the cone x CI is not 
the earth's true ſhadow, as the ancients who did not conſider refraction ima- 
gined, but may be called the ſuppoſed ſhadow of the earth: the axis of this cane 
1s BC, rey BY Y r 
1007 The ſhadow of the atmoſphere is the cone xs terminated by the lines 27 
ZRD and xsp tangents to the ſun and to the atmoſphere, where. denſe e- 
nough to intercept ſo many of the ſun's rays as to caſt a ſhadow: be ais of 
this cone is BD. U *; | Lit A Dae] we ahh ano 
1008 As for thoſe rays which terminate the true ſhadow of the earth, they 27 
mult be ſuch as, being tangents to the ſun in z and x, fall upon the ſurface 
of the atmoſphere nearer to the points of contact x and s than the points G 
and nt are; ſuch is the ray zM, which enters the atmoſphere at Mr, and, after 
its firſt refraction at vi, goes on ſo near the earth that, phyſically ſpeaking, it 
may be conſidered as a tangent to the earth in x, from whence it goes on to 
the point o, where coming out of the atmoſphere it is refracted from the per- 
pendicular ſo as to proceed to x, and is there met by a like refracted line 
XNLPE, Thus the true ſhadow of the earth is KoR, terminated by the 
refracted rays 2 M OE and xN LE tangents to the ſun and the earth: the 
beight of the true ſhadow is B E. | 12 


1009 To find the angle of the cone of the ſuppoſed ſhadow of the earth in ig · 28 


28, let s be the center of the ſun, E the center of the earth, A cx, Bx, rays 
z 1 


28 ſhadow is & D, whereof the angle at x is required: from the centers s and 
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6. tangents of the ſun and earth without refraction, the cone of the ſuppoſed 


x to the points of contact A and c draw the ſtrait lines s A, E c, and draw 
EF parallel to ac; fince the angles at A and c are right ones, F 28, ACEF 
| will be a right-angled parallelogram, and p f CE is equal to AF, 
$57: from s A the ſun's ſemidiameter known by 959 949 take Ar equal to ct 
the femidiameter of the earth, known by & 4 57, mainder s will then 
be found: 8E is the diſtance of the fun from the earth, known by 8 9 17, we 
have then a triangle EFs right-angled at r, whereof two ſides s and s E are 
given; make s E radius, and s will be the fine of the angle yes, which an- 
Dr but, Ax and FE being parallel by the con- 
ſtruction, Es is equal toCXxex, 5 47: and xx being given, the double of 
it CxD iscafily found. 
 Examphe. $ais g6 ſemidiameters of the eartha: rake from it ay equal to 
ex one ſemidiameter, the remainder s is equal to 95 ſemidiameters of the 
carth. 8x is 20600 ſemidiameters of the earth by 5 917: ſay then as 20600 
is to 95, fo is s E 10000000 as radius to a fourth number 46116, as fine of 
the angle sx: which angle by the table of fines is rs 51 en g where- 
ns: . 5 
Or thus, the ſemiangle of the ſuppoſed ſhadow i is equal to the apparent 
| femidiamerer of the fun bating the ſun's horizontal -parallax: the ſun's appa- 
rent ſemidiameter at his mean diſtance is 16 2", f 903, ſubtract the ſun's ho- 
rizontal parallax 10', the ſemiangle of the ſuppoſed ſhadow is 15 52", the 
en 31 44', but 2” different from that before found. 
1010 To find the axis of the cone of the ſuppoſed ſhadow of the earth: in the 
figure before us we have a triangle x Cx, whereof the angle at c is a right 
one, $28, the acute angle at x is found by the preceding ſection, the fide c x 
is the ſemidiameter of the earth: the length of the fide = x the axis of the 
cone e xn may therefore be found in ſemidiameters of the earth. 
Example. In the triangle x ex make the hypotenuſe E x radius and c E will 
be fine of the angle cx x of 15 5, by 5 140 caſe 1; ſay then as 46106 fine of 
15 gr" to 1-ſemidiameter, ſo is 10000000 radius to 217 ſemidiameters of the 
earth, the height of the ſuppoſed ſhadow. 
1011 To find the angle and axis of the cone of the ſhadow of the atmoſphere: 
28 in fig. 28 let cp now repreſent the convex ſurface of the atmoſphere, where 
2 In 5 918 I ſet down the ſun's diameter 200 of the earth's, as being the neareſt round number to the 


true one : the number g6 here made uſe of is deduced from the ſun's horizontal pacallax 100, 5 820, and 
bis mean apparent diameter 32' 5” J 903: for the carth's ſemidiameter would at the diſtance of the ſun 


under an angle of 10 ; $ 824, th fun's ſemidiamezer at his mean diſt2nce appears under an angle 
if 16 which is equal to 10” AUNTS Jen 
nic 


enAP. 3. | ASTRONOMY mY 
denſe enough ſenſibly to intercept any of the fun's light, EC the ſemidiame- 21d. 


ter of the atmoſphere, proceed as in the two ſections immediately foregoing, 28 
and you may find them; the axis x x will be found 217 as before, bur they 
will then be ſemidiameters of the atmoſphere, not of the earth. 

Scholium. The difference between the angle of the ſuppoſed ſhadow of the 
earth and the angle of the ſhadow of the atmoſphere. is inſenſible; the diffe- 
rence between the axes of theſe two ſhadows is ſmall, but about an hundredth 
part of the whole heighth: v. Tacquet aſtron. I. 4. c. 2. From hence it comes 


to paſs, that the ancient aſtronomers were not much out in their calculations 


of cclipſes; though they did not take the ſhadow of the atmoſphere into the 
account: this ſhews il that the height of the atmoſphere where denſe e- 
nough to caſt a ſhadow is not ſo great as to make it neceſſary to confider it 
in the affair of eclipſes. 

1012 To find the angle of the true ſhadow of the earth: the ſemiangle of | 
the cone of the true ſhadow of the earth is equal to the ſemiangle of the 
ſuppoſed ſhadow increaſed with the addition of double the fun's horizontal 
refraction: in fig. 27 let z OK c, XHLC be the unrefracted rays of che ſun 27 
which terminate the ſuppoſed ſhadow, 2 MK oe, XNLPE the refracted 
rays which comprehend the true ſhadow, the angle of the true ſhadow is 
o EP, the angle of the ſuppoſed ſhadow is x c 1. Since the ray 2 M pro- 
ceding after refraction from M to o touches the earth in x, the refracted ray 
Mx extended both ways to y wv is the ſenſible horizon of a ſpectator at x, and 
conſequently if 2 M be extended to q, the angle q or its vertical 2My 
will be the horizontal refraction of the ſun: now the rays z K c and z MN. 
being tangents to the ſun, will not be ſenſibly different from parallel, and 
therefore the refracted ray yw interſecting them makes the angle c x m equal 
to QMK the horizontal refraction of the ſun, 8 47. This being demonſtra- 
ted, the external angle x un is equal to the two internal gppoſites ox the 
horizontal refraction of the ſun and x c half the angle of the ſuppoſed ſha- 
dow: then ſince K o, inſtead of going ſtrait on to w, is refracted into the line 
OE, EO is the angle of refraction at the egreſs of the ray out of the atmo— 
ſphere, equal to the refraction at the ingreſs Mk: therefore x or 0wB 

together with E Oo are equal to x o the ſemiangle of the ſuppoſed ſhadow 
with double the horizontal refraction of the ſun: but ows together with x 6 
are equal to the external oppoſite oꝝ B: therefore o x B the ſemiangle of the 
true ſhadow of the earth is equal to the ſemiangle of the ſuppoſed ſhadow 
together with double the horizontal refraction of the ſun. Q. E. D. This de- 
monſtration is given by Tacquet and Ricciolus, wherein there ſeems to be this 
defect, that mo is ſuppoſed to be a ſtrait line, e ee eee, 
1e 2 | curvature 
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FIG. curvature is greateſt near x, leaſt near u and o, & 749, and 750; and there- 
27 fore it does not cut the parallels 2 Ml d, at M, and ZKC, at K, With the ſame 


inclination: but if it be remembred, that all viſion is made in a ſtrait line, 
and that an object at z would to the eye at k appear in the line of the laſt di- 
rection, which continued is K); and that in like manner an object at E would 
be ſeen in the line x v, we may very well take 5 for the ſenſible horizon 
of a perſon at x. 

Example. The horizontal refraction of the ſun according to Flamſteed is 


33, $756, the double of 33 is 1* 6: to 1* & add 15 f the ſemiangle of 


the cone of the ſuppoſed ſhadow of the earth, by $ 100g, and you have 1* 
21 51" the ſemiangle of the true ſhadow. 

1013 To find the beight of the true ſhadow of the earth: in the triangle BKo 
the angle at k is a right one, Eucl. I. 3. prop. 18, the fide ; K the ſemidia- 
meter of the earth is 3967 miles, 5 ae the fide Bo is 4007 miles; for o 
the height of the atmoſphere is 40 miles, F 703: from theſe data the angle 
KOB is by F 140 found to be 815 53 51'. Produce to to b, and Mo to w. 
the angle of refraction x o at egreſs out of the atmoſphere is equal to the 
angle at ingreſs Q o: QM0 is 33 the horizontal refraction of the fun $7 56: 
therefore x 040 or its vertical bok is 33: add this 33 to K oB of 81* 63 51" , 
and the angle 50B will be 82* 26 51”, and the conſequent angle x 0B 97 
33 9, § 39: oEB is 121 5, $ 1012; therefore in the triangle E Bo the 
ſide Bo and the angles E OB, o EB are given: from theſe data B; E the height 
of the true ſhadow of the earth may be found, by this known propoſition in 
trigonometry, that in all oblique-angled triangles the ſides are as the fines of 
their oppoſite angles: by a calculation after this manner, the length of B x 
comes out about 42 ſemidiameters of the earth. And here we may obſerve 
with Taguet, aſtron. J. 4. c. 2. n. 16, that different heights of the atmoſphere 
will make no conſiderable difference in the reſult of the calculation, but that 
the length of the ſnadow will come out about 42 ſemidiameters of the earth 
what ever number of miles between 1 and 100 be aſſumed for the height of 
the atmoſphere. 

The axis of the true ſhadow being no more than about 42 ſemidiameters 
of the earth, that ſhadow can never reach the moon, whole leaſt diſtance from 
the earth is nor leſs than 50 ſemidiameters: the axis of the ſuppoſed ſhadow 
is about 217 ſemidiameters of the earth, f 1010, the axis of the ſhadow of 
the atmoſphere: is about 2 ſemidiameters longer, the ſhorteſt of theſe two 
ſhadows is more than long enough to reach the moon when in oppoſition, 
for the moon's diſtance from the earth never exceeds 72 ſemidiameters of the 
earth: thus the propoſition advanced by Kepler mentioned 9 1004. is proved 

to 
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to be true: as is alſo what was ſaid 9 986, that the (hoy LOR FIG. 
not reach ſo far as to eclipſe mars. 2 1 . 


1014 To find the diameter of the. circle of of ter i me- 
thod I ſhall mention is that of Prolemy, I. 5. c Ke Ma edhpſecy | 
of the quantity is known by obſervation, the moon 's apparend Gameter:1a- 
titude, and diſtance from the neareſt node, at the time af the dds ok che 
eclipſe being alſo known: ſuppoſe the eclipſe to be of 6 digit g 29, let 29 
x oc be the ecliptie, MA the circle of the carth's ſhadow, the center where 
of v is in the cclipehe; in the middle of the eclipſe, if it be of 6 digits, or 
half the moon's diameter, the center of the moon will be in the circumference 
of the ſhado in g point r, and then DM is the ſemidiameter of the ſha- 

e rent from 1G the moon's latitude: If the eclipſe be 
of leſs than 6. digs, as in fig. 30, of a 4th part of the moan's diameter 30 
ay, the ſemidiarfieter of the ſhadow pr wants juſt as much of being equal 
tothe moon's latitude pM, as H F the ath part of the moon's diameter is leſs 
than the moon's ſemidiameter y br. If the: eckipſe be of morẽ than 6 17 
add to the latitude of the moon the number of minutes and feconds | 


you have the ſemidiameter of the ſhadow. * | "4 

1015 A ſecond method is thus: fig. 37, neee fan, cnn the = 31 
cx and xx tangefits to the ſun and earth, K x Dthe ſhadow of the earth, Which 
may be taken inſtead of the ſhadow of the atmoſphere, as not 1 ſenſibly | 
different from it, $1011, Mn an arC of the moon's orbit; 2 E will ir- 
cle of the earth's ſhadow, Ar the ſemidiamerer of that circle, which ſeen f 
from the earth would appear under the angle CA E: to find this angle pro- 
ceed thus; A x being found by F 1010, take from it aq the rs ance, 
from the earth, and the remainder x will be known: Here is | 
angle x QF, hr-angled : at Q whereof the fide Q x is known, an | 
Rx, being Pe tangle of the cone, is given by F 1009, therefore the ra 
tio of Qx to Qz. Cay 5. be found by F 147: moreover, in the triangle AY, 
lince the ſides aq and & are known, the angle & Ax may be found by 146. 

1016 From the horizontal parallax of the moon, the apparent | 
of the ſun, and the RG of thethadow, Hipparchus, and after = \ 
Ptolemy attempted to find the-ſiin's'diffance from the earth: but an error an 
of theſe data alonè will cauſe u great error in the diſtance of the ſun ſo dedu- 
ced; this method therefore of inveſtigating the ſun's diſtanee is juſtly ichect⸗ 
ed by aſtronomers: /a thuch better way of finding the ſun's horizontal 12 
lax, and 8 tly his diſtance from the earth was ſhewn F 820. 


1017 A 10d of finding the ſemidiameter of the circle of deen 
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moon's diameter which” ate eclipſed over ee her e and | 
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10. ſhadow is this of Kepler, epit. aſtr. p. 86a. from the ſum of the horizontal pa- 


rallaxes of the ſun and moon ſubtract the apparent ſemidiameter of the ſun, 
the remainder is the apparent ſemidiameter of the circle of earth's ſhadow, 


3# ſeen from the earth: Demonſtration, fig. 31, draw the lines Ad, Az and 


AD: ſince AD is perpendicular to CDE, 5 28, ACD is the fan's horizontal 

„and AED the moon's, to theſe two angles the external angle G ax 
is equal; Eucl. 1. 32. from GAE take GA d, or its equal, becauſe vertical, sac, 
the ſun's apparent ſemidiameter, the remainder is QA x the ſemidiameter of the 
circle of the carth's ſhadow: example; at the moon's mean diſtance her ho- 
rizontal parallax is 57 30, & 980, add the ſun's , parallax 10", the ſum is 
57 40 ſubſtract from this ſum 16 2”, the ſun's ſemidiameter at his mean 
diſtance, 4 903, the remainder 41 38 is 2 of the circle of 
the earth's ſhadow. | 


Remarks upon 5 1001. 


1018 The mean apparent diameter of the moon n has been given, 5 980; 
her greateſt and leaſt apparent diameters muſt alſo be known, before the e- 
cliptic limits can be determined. The apparent diameter of the moon may be 
Found, by the ſame methods as were taught of finding that of the ſun $ 902, 
994, 997- Mouton made a great number of obſervations of the ſun's appa- 
rent diameter, and ſome of that of the moon; he meaſured them by the time 
of the tranſits of the diſks of thoſe luminaries croſs the plane of the meridi- 
AN, or of ſome other hour circle, with a pendulum which made 9550 ſwings 
in an hour: we have a full account of thoſe, and ſome other aſtronomical 
' obſervations, in his ob/ervationes diametrorum ſolis et luna apparentium &c. 
Lugduni 1670. The greateſt apparent diameter of the ſun obſerved by Mou- 
ton was 32 32": the leaſt 31 29': near enough to ſome of the beſt we have, 
$ 903. The greateſt apparent diameter of the full moon obſerved by him in 
perigee was 33 29: he gives us no obſervations of the moon's leaſt diameter 
when near her apogee: his method was that mentioned 5 goa, only he took 
tranſits croſs other hour circles as well as croſs the meridian; by which means 
he was able to take a great-many tranſits in a day. In taking tranſics of the 
moon for this purpoſe, her apparent horary motion in right aſcenſion at the 
time of the obſervation muſt be known; that ſo much of it as anſwers to the 
time of the tranſit of the whole diſk of the moon may be ſubtracted from the 
number of ſeconds of time by which her apparent diameter is meaſured. 

32 4019 In fig. 32, let A Bop be the circle of the earth's ſhadow, A the e- 
- cliptic, £6 the moon's path, or part of a circle of latitude drawn through 
G the center of the moon, and y the center of the ſhadow, —— 
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of ſyrygy. and all theſe projected upon the ſphere of the moon's orbit: the 210. 
moon's latitude is then Gs, which line, though not perpendicular to the 32 
moon's path, and conſequently not the leaſt diſtance between the centers of 
che moon and of the ſhadow as u f is, differs not ſenfibly from it: the ſemi- 
diameter of the ſhadow zy when largeſt is 45 10", the ſemidiameter of the 
moon Gn when largeſt is 16 407, the ſum of theſe is 61 50; if the latituds 
of the moon at the full exceeds this ſum there can be no eclipſe. To find the 
greateſt limit of lunar eclipſes; in the figure before us Eo is à triangle righe 32 
N the angle at x is 5 17 the inclination'of 
the moon s orbit to the ecliptic in ſyzygy: from theſe data the ſide E G will 
be found 115 16: if the diſtance of the full moon from her neareſt node ex- 
ceeds this ſhe cannot be eclipſed. The leaſt ſemidiameter of the moon is 14 
455 of the ſhadow 37 400, the ſum of theſe is 54 25 if the latitude of the 
moon at the full be leſs chan this ſum, ſhe muſt be eclipſed. — 
limit of lunar eclipſes: in the figure before us, if the fide ov be 52 25, the 
fide ys will come out 9? 32, if the diſtance of the fall moon fromrher neareſt | 
node be leſs than of 32, ſhe mult be eclipſed. 2 

Cor: cn fe eee eee en 
932, and leſs than 11516, there may be a partial eclipſe of the moon, or 
ſhe may eſcape being eclipſed; according, as the ſanidiamerers of che non 
and the ſhadow are greater or leſ at the time of the ſyzygy. 

1020"The- argulnent' of" kund F the mn r any "time is thy e f this 
moon's-orbit which, proceding according to the order of the ſigns, reaches 
from her aſcending node to her place in her orbit, at that time: of ſo many 
degrees minutes and ſeconds as that arc contains, the argument of latitude is 
ſaid to be: the word argument ſeems here to be uſed in a logical ſenſe, and 
fignifies the arc by the knowledge of which the moon's latitude is founds, 

1021 The moon's anomaly is either mean or true b: be mean anomaly of the 
moon is her diſtance from her apogee proceding according to the order of the 
hgns, computed upon a ſuppoſition that ſhe has been carried all the while e- 
quably in her mean motion: the true anomaly of the moon is her true diſtance 
from her apogee, computed by making allowance for the unequability of her 
motion: as the true motion of the moon is ſometimes ſwifter ſomerimes flow=- - 
er than her mean motion, ur 2 fad hee eee eee ee 
n neee e e 4 65 pn 
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388 ASTRONOMY Boo z. 
1022 Aſtronomers give us fables wherein the latitude of the moon is ſet 
down for every degree of her argument of latitude. There are alſo tables 


wherein the horizontal parallax and apparent ſemidiameter of the moon are 
ſet down for every 5th or 6th degree of her anomaly $980. The diſtance of the 


moon-from the center of the earth being about 60 ſemidiameters of the earth, 
the-difference between the diſtance of the moon in the zenith and of the ſame 


in the horizon is conſiderable; being about a Goth part of her whole diſtance 


or one ſemidiameter of the earth: this cauſes a ſenſible difference in the appa- 


rent diameter of the moan, when ſhe is in different altitudes. The diſtance of 
the ſun from the earth being about 20600 ſemidiameters of the earth, the 


difference between the ſun's diſtance from us when in the zenith from what 


his diſtance is when he is in the horizon is inconſiderable; being only a zo600th 
of the whole diſtance of the ſun: and therefore his different altitude does not 


33 cauſe any ſenſible difference in his apparent diameter. In fig. 33 let AB p be 


the earth, u z the orbit of the moon; ſuppoſing the moon's diſtance from the 
center of the earth to continue the ſame during the time of her motion from 


the horizon to the zenith, cz and cn will be equal: if a ſpectator at A has 


the moon in his horizon at n, the diſtance of the moon from him is H 4, 
nearly equal to c H] but if the moon be in his zenith at z, her diſtance from 


him is za, leſs than o by ca a ſemidiameter of the earth: the moon's ap- 


parent diameter is therefore leaſt in the horizon, and increaſes gradually as 
ſhe riſes: higher towards the zenith. There are 7ab/es wherein is ſet down 
what the increaſe of the moon's apparent diameter is, for every degree of al- 
titude from the horizon to the zenith. E $0 28 


Pi Remarks upon g 1002. 


1023 The way of the diſk of the moon through the circle of the earth's ſhadru 
would be the ſame as the way of the moon in her orbit from the ecliptic, if 
the ſhadow continued in the ſame place during the time of an eclipſe; but by 
the daily motion of the earth in her orbit, the ſun and the ſhadow of the 
earth both appear to go on in the ecliptic, according to the order of the ſigns: 
this motion of the ſhadow muſt be taken into the account in a lunar eclipſe, 


34 in order to find in what manner the moon paſſes through it. In fig. 34, let 


Q x be the ecliptic, Mm part of the moon's orbit, AB the circle of the earth's 


ſhadow, if the ſhadow ſtood {till while the moon paſſes through it in the di- 


rection M77, the would croſs the ſhadow in the line b/, making with as 
which may be called the ecliptical diameter of the ſhadow, as being that dia- 


meter of it which is coincident with the ecliptic, the angle & x, equal to 


what the inclination of the moon's orbit to the ecliptic is at that time; but 


becauſe 
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becauſe the ſhadow is moving lowly: on from & towards 855 at hs fume time FIG. 

that the moon is moving faſter from & towards n, at the end of a | 
ven time, ſuppoſe one hour, let the moon be got to n, the ſhadow to 1 
line of the moon Ah parent ai pion through rhe fhadow-is now v n which: 
makes the angle a with e ecliptic diameter of the ſhadow c pz this an- 


ole is greater than £36 el. 1. 32: and for any time 4 little langer 
or ſhorter than on hour, ins time ſuppoſed,” whilſt the moon and hago C 
continue to move N Velocies having the ſame ratio, the line whickiexhi-' 
bits the moon's w. from tie ſhadow will. be . Awg to F#m; and makeiche/ | 
ſame angle with the: ecliptie diameter of the; If the motion of the 
moon be flower, ot the motion of the: HAD quicker than in the: ratio 
before ſuppoſed, ſo that, for example, che mf, goes only to r while the 
ſhadow goes to F, the angle made by the/ling-of 5 thoon's motion with the 
ecliptical diameter of the ſhadow will then he Y greater than r D: if on 
the contrary the motion of the moon be quicker;ortthat of the ſhadow flow-. 
er than was ſuppoſed, ſo that the moon goes toe while the ſhadow. goes to 
y, the moon's way from the ſhadow will be Fd which makes with the e- 
cliptic diameter of the ſhadow the angle Ox b, leſs than e,? |. 414 
1024 Aſtronomers give us tables wherein are ſet down the diffetent angles 
which the way of the moon from the ſun makes with the ecliptic act 
to the difference of the moonꝰs motion from the ſun, and the different di- 
ſtances of the moon from her node, in order to ſhew.the· path of the moon 
through the ſhadow of the earth, in a lunar eelipſe; orathe path of the moon's 
ſhadow upon the diſk of the earth, in an etlipſe of the ſun: but, as the uſe 
of theſe tables is or galculating eclipſes, extend no Wer No 
the moon's nods thn th Klipcic-1 — on e 
8 n N 
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moon b en e, being in in or near one - of: heals 4 A 2 


nodes, is interpoſed bewegt; dg And the ſun, and. conſequently hides. the ſung ; = | 
or part of him fro us," and. eaſta a ſhadow upon the earth: this is called > 


152 of the ſunt. and be wein, or e An ecliple. of amp hy 
dy is a deficiency! or dim inutipm of the; | 


from it to our eye, .cauſed by the interpoſition of ſome opake-body...: Bhe Y 1 
clipſes of the ſun N ages _ by r EOINA arè in > | 


ture very differe | 
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FIG. every way round him, as copiouſly as ever; only ſome of thoſe ſtreams are 


intercepted in their way towards our earth, by the moon coming between 
che earth and the ſun: and the moon having no light of her own, and receiving 
none from the ſun on that half of her globe which is towards our eye, muſt 
appear dark, and make ſo much of the ſun's diſk appear to be dark or defi- 
cient, as is hid from us by her interpoſition. The moon, when ſhe is eclip- 
ſed, having no light of her own, ſuffers a real diminution of her borrowed 
light, by the earth coming between her and the ſun, and ſtopping the rays of 
the ſun in their paſſage towards the moon. What is called an eclipſe of the 
lun ĩs in reality an eclipie of the earth, which is deprived of the-ſun's light, 
by the moon coming between and caſting a ſhadow upon it, The earth be- 
ing a globe, only that half of it which at any time is turned towards the ſun is 
enlightened by him at that time; it is upon ſome part of this enlightened half 
of the earth that the moon's ſhadow or penumbra falls in a ſolar eclipſe. 
1026 The moon being much leſs than the earth, her conical ſhadow can 
fall only on a ſmall part of the earth at a time: to the inhabitants of that part 
of the earth on which the ſhadow falls, the eclipſe will be tatal: to thoſe in 
the middle of the ſhadow, central: to thoſe within the penumbra of the moon, 
that is, without the ſhadow, but ſo near it that part of the ſun's diſk is hid 
by the interpoſition of the moon, partial: to thoſe without the 


3z; there will be no eclipſe at all. Thus, big. 35, let ABC be the ſun, My the 


moon, Mg Ib N part of the cone of the moon's ſhadow, x def v bg the penum- 
bra of the moon: it is eaſy to ſee, 1, that thoſe parts of the earth which are 
within the circle repreſented by gh are covered by the ſhadow of the moon, 
and that no rays can come from any part of the ſun into any part of that cir- 
cle, by reaſon of the interpoſition of the moon: 2, in thoſe parts of the earth 
whereon the penumbra falls, only part of the ſun is viſible: thus, any where 
between d and g the parts of the ſun near c cannot be ſeen, the rays coming 
from thence towards d or g being intercepted by the moon; whereas, at the 
ſame time, che parts between f and þ are illuminated by rays coming from c, 
but are deprived, by the interpoſfition of the moon, of ſuch as come from 4: 
3, the nearer any part of the earth within the penumbra is to the ſhadow 
of the moon, as in places near g, Ior h, the leſs portion of the ſun is viſible to 
its inhabitants; the nearer to the outſide of the penumbra, as near d or e or f, 
the greater portion of the ſun may be ſeen: 4, out of the penumbra, as at ? 
or Cor s, the entire diſk of the ſun is viſible. 

Corol. In any place where the eclipſe of the ſun is total, the outſide of the 

F ben firſt paſſes over it, then gradually the parts of the penumbra near- 
8 then the ſhadow, — Poourenge, firſt che 
* part 
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CHAP. 4. ASTRONOMY 391 
of it neareſt to the ſhadow, and then after them, oradually thoſe near- FIG, | 

er the outſide, till the whole penumbra has left the place; thus, in the figure 35 = 
before us, by the moon's motion in her orbit in the direction 1 Mx o, the ſha- | 
dow and penumbra will appear to go in the direction & f, ſo that, in any place 
as g or h, for example, as the penumbra firſt, and afterwards the ſhadow, and 
then the penumbra again advance over it, the moon appears to the inhabi- 
tants firſt to touch the edge of the fan's difle, proceeds to cover more and 
more of it, till the eclipſe becomes total; after that, the moon appears to go 
gradually from off the diſk of the ſun, till his whole diſk is again viſible. 

1027 The quantity of a ſolar eclipſe in general, is the largeneis of the moon's 
ſhadow and penumbra projected upon thecarth;rheſcare largeſt when the earth 
is in aphelion and the moon in perigee a. The quantity of a folor eclipſe i in am place 
isthus determined: to thoſe within the line which the center of the moon's ſhade 
deſcribes upon the earth, if the apparent diameters of the fun and moon be ex- 
actly equal, the eclipſe will be barely tatal: if the diameter of the moon be greater 
than the ſun's, it will be more than total: if the diameter of the moon be leſs 
than the ſun's, the eclipſe will be annular, that is, the fan's diſk will not be 
entirely covered, but there will be a ring of his light viſible round the diſk of 
the moon. Eclipſes may be alſo total, or annular, in places a little diſtant from 
the way of the center of the ſhade, but not central. More than total eclipſes 
appear greateſt in thoſe places which are neareſt the path of the center of the 
ſhadow. Partial eclipſes appear greateſt in thoſe places which are neareſt the 
way of the :moon's ſhadow upon the earth. Ybe quantity of u folar eclipſe in 
any place is eftimatel{ by the number of digits of the ſun's diameter that ap- 
pear covered by the diſk of the moon, to the inhabitants of that place, in the 
middle of the eclipſe: in an eclipſe barely tatal, the ſun is eclipſed 12 digits: 
when the eclipſe is more than total, he is eclipſed ſo much more than 12 di- 
gits, as the diſtance between the edges of the diſks of the ſun and moon a- 
mounts to, in. thoſe points where thoſe edges are neareſt to each other; n 
is the line 40, ſig. 36. 36 

1028 The Soße of the moon's ſbadom projetied upon the b e 
of the eclipſe depends upon the moon's diſtance from her node. If the moon 
is in her node, the centers of the ſun, moon, and earth, are all in a ſtraĩt line, 
which is perpendicular to the ſpherical ſurface of the earth; and therefore the 
t? projection of the moon's ſnadow upon the diſkæ of: the earth will be a circle. 
4 When the moon has latitude, the axis of her ſhadowy cone makes an oblique 

angle with the ſpherical ſurface of the earth; and therefore the projection of rhe © 
"he ſhadow upon the earth's diſk will be an ellipfis, which will be more ob- 
long, the greater the moon's latitude is. In che ſolar * D. 17155 the 
a \ 1029. 3 D 2 longeſt 
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F16. longeſt axis of the elliptic ſhadow was 170, the ſhorteſt axis 1 10 geographical 
= miles, or minutes. Phil. tranſa#. n. 343. If a terreſtrial globe be placed in 
| the ſun, and a ſmall round ball carried along between ir and the ſun, the ſha- 
dow of the ball at irs firſtentrance upon the globe will be a long oval, which will 
grow ſhorter as the ball is brought nearer to ſuch a ſituation as to have its 
center in a line drawn through the centers of the ſun and the globe; there the 
ſhadow of the ball will be a circle: but will grow again into an ellipſis, more 
oblong as the ball is carried on, till the ſhadow of it has left the globe. 
1029 The largeneſs of the moon's ſhade projected upon the earth depends up- 
upon theſe lemmata. The conical ſhadow of the moon is longer, and fimilar 
' ſections of it at equal diſtances from the moon are larger, the greater the 
moon's diſtance is from the ſun, 9 98 5. Therefore the projection of the moon's 
ſhadow upon the earth is largeſt, when the earth is in aphelion and the moon 
in perigee; leaſt, when the earth is in perihelion, and the moon in apogee, 
at the ſame time, 9 985. In a ſolar eclipſe that is central and barely total in 
any place, the vertex of the moon's ſhadow does but juſt reach the ſurface of 

the earth, in that placde. e 1 
In any place where the eclipſe of the ſun is annular, the tip of the cone of 
the moon's ſhadow does not reach the ſurface of the earth in that place. An 
eclipſe of the ſun may be total near the middle of the diſk of the earth, and 
37 annular in places near the edges of the diſk: thus, fig. 37, let Mw be an arc 
of che moon's orbit, p the half of the globe of the earth that is turned to- 
wards the ſun in the middle of a ſolar eclipſe, when the moon is at A, her ſha- 
dow does not reach ſo far as a; in that place therefore, the eclipſe will be an- 
nular: when the moon is at B, the ſhadow reaches to 5; there the eclipſe is 
total: when the moon is at c, the ſhadow does not reach to c; there the e- 

clipſe is again annular. by 

I be firſt annular eclipſe recorded by any aftronomer to have been obſerved 
was that of the year 1567, taken notice of by Clavius, who ſaw it at Rome, 
and was in doubt whether the like had ever happened before or not: where- 
as eclipſes central or nearly central muſt always be annular, when they fall out 
at a time when the moon's apparent diameter is leſs than that of the ſun; 
which was the caſe in the ſolar eclipſe of A. D. 1748 july the 14th, the be- 
beginning of this eclipſe at Cambridge was h 5 18” in the morning, the end 
129g 4 apparent time; the apparent diameter of the ſun was then 31 40, 
of the moon 29 3 by the tables: near the time of the middle of this eclipſe, 
et the ſun ſhine into a dark room, through a teleſcope of about 8 feet, up- 
38 on a white paper fixt at ſuch a diſtance from the eye-glaſs that his picture 
updn the paper was of the dimenſions of the outermoſt circle AB c, fig. 38; 
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the inner - e ts the apparent. 1 
taken at the fame time, by marking chree points in 
moon s ſhadow; and drawing a circle through thoſe: 
1030 The way, of the moon's, ap ay dow = 
to eaſt; inclining towards nach, if the moon dein 
node; as in the e of the ſun april the 1 5 SL 
towards the ſputh, if the moon be in or near her deſi 
clipſe of may the 11, 1724: us in that alſo of july 
of the ſhadow upon the earth may ſometimes. be XX 
can happen oply,fo-thoſe who live within the polar 129098 and m fall/our. 5 1 
when their oppoſite meridian, deſcribed 9 300, is turned towards che ſun or \ 
nearly ſo: let fig. 39 be à prcjection of part of che carch's enlightened diſ | 
in reſpect of the rectilinear meridian vy, che meridians on the right hand in 
the figure, pg, h, pz, &c are eaſtern; the meridians on nom pag den 
& ate weſtern: ſo that, the center of the ſhadow. of the m 
the line abc d &c according to the order of the letters, goes upon 5 
from weſt to eaſt. But if the ſhadow paſſes on the other fſde of the 14 92 
in the line qrſtuy; according to the order of the letters, the; way heros | 
dow will be fromjeaſt to weſt: for, i in reſpe& of the meridian 9 7 
dans on the right hand in the figure, Eg. Pf. EA are weſtürnz thoſe. ante 
left hand as 9, Pr. Ps, are eaſtern. The way of the center of the moons 
ſhadow is a ſtrait line, only when it deſcribes a diameter upon the diſk of che | 
earth; otherwiſe it is an elliptic curve, hut / ſo near to a s dine; hdr = 
be repreſented by one, without ſenfilleerror.... os 8 vive < = bt 
1031 Eclipſes of the ſun may be cophilered.rwo Ways; 1536 chey appear to : EY Y 
us in the heaven; a, as they would appear to a ſpectatot placed in the moon as ! 
tothe firſt of theſe, the inhabitants of differ ent parts of the earch, ſee the moon. | i 
in different points of the heaven; at the ſame moment of tine: this is owing | 
tothe moon's: parallax, by reaſon whereof, a ſpectator who .in 
his horizon at a given time, views her in the heaven at the diſtance of ab N 
one degree, or almoſt double the ſun's apparent diameter from the place-ywhere- 
in ſhe appears at that time to him who has her. j in his zenith, 99803 Whegg 6 
as the parallax of the ſun. is ſo ſmall as not 8 change his place, but. 
at any given moment of time, he appears in the — gf 
all the inhabitants of that half-« of Ihe globe 19915 earth which 
minated by him: ben 2 d | 
inhabitants of qne part of thee; ie: > ſun quite cayered/by rhamnoo 
thoſe who live at a. confilerable diſtance. from them, only a part of him 
pare to be hid; others =P live Milt W boat him eclipſed ; at 
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5718. and, according as they are in different ſituations, nn 

lower che eaſtern or weſtern edge of the fun, is adh more er lefs of the 

 fan's'difk eclipſed; fo that the poſition of the euſps a and the largeneſs of the e- 

ple are different, in different places, at the ſame time: for the ſame reaſon al- 

ſo, the time . andeend of a ſolar eclipſe is different 

in gen places | 

7 be ober Way of confidering ſolar eclipſes is that invented by Kepler, ; it 

Spule a placed in the moon to view the difk of the earth, and 

tlie progreſs of che udo and penumbra of the moon thereon; as alſo the 
*Hwtidh ef coutitries, cities, and towns, upon the diſk, cauſed by the rotation 

2 of che earth round its axis: by this rotation, every place upon the diſk would 
* appear to move xĩther in the equator, or in one of its parallels: that is, in 2 
5 Kraft line, if the projeRtion of cheſe circles is in ſtrait lines, as in the 7gth f- 
gure of the firſt book; in elliptic curves, if the ion of thoſe circles is in 

buch curves, us in che 78ch figure of the firſt book, and in che 39th of this 

_—_— book: now in order to know of what kind the of the cir- 
= Aeufbs dhe duk of the arch 48, at the time of any eclipſe, we muſt know 
i tue ſun's place in the ecliptie, at that time: the projection of the equator and 


- -its-parallels is in ſtrait lines, only when che ſun is in the equator: if the ſun 
s in north or fouth deelitidtion the projeRtion'of thoſe circles is in elliptic 
curves, which deviate more br leſs from ſtrait lines, according as che declina- 
Ain of che ſuh is greater r 'tefs: Whatever the declination of the ſun is, he i 
Vertical to the parallel which is ut the like diſtanee from the tetreſtrial as the 

30 ſun is from the celeſtial equator: "thus, fig. 39, at the middle of che general 
ceclipſe of July the 14 1748, the ſun was in 19 35 north deelination, conſe- 
quently vertical to the parallel A cn of 1935 oth Lade, in chat para. 
feel chen at c muſt the eenter of the ilk bes : !the fectilineur meridlan p c i; 
hat which is then turned to the fun: how fur that is eaſt or weſt from the 
imeridian of Greenwich, muſt be knovyn by having the time of the middle of 
tte delle; Which at Greenwich was 1 18 23 in che morning; it was then 
V! on under the meridian re: that meridian therefore is 37 name 15 
caſt from the meridian of Greenwich. 
141032 Me UiStricitiit ü kde buon o ebrhenetien with U fon, imagin part 


eres wich the ſun's plate therein, and patt of the moon's way from 


0. ce fün to be pichected upon he Plane of the diſk extended, figg, 4-46. 
g 41 the prohection of che are of the ecliptic will be a p, of the fun s place x the 
42 Center of the diſk, the prchection of the moon 's way from the ſun will be Lr, 


Er . „ 
ſun are called the cuſps. 
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the projeAion of an aro. eee tie drawn. from th cl 916; 
tie to the moon and meaſuring the moon's latitude will be x M: from 
i e e — 

ſun, this will thew where the center of the ſhadaw and penumbraz, „ 
the ſhadow reaches the earth, or the center of the penumbra only, when _ 
ſhadow does not reach fo far as the earth, is at the leaſt diſtance from the 

center of the diſk: now when the center of the penumbra is at 1 is the. time” 2 


eclipſe i is before the time {of canjunction, when the conjunRtion lie out 
ter the moon has paſſed her node, as fig. 42,43; but aſter the rime of cn. N 
junction, when that falls out before the moon is come to her node, as fig; . 
45: e wah" 1s of \ 

the ſun, the time of the conjunction is the ſame with the time of the mid. 
3 How much the time of the middle of the clip 
is before or after the time of the conjunction may be known, by finding 1 
meaſure of the arc Mi. M, and the time the moon takes to go through that arc i | 
her hourly motion from the fun. Aſtronomers give us tables wherein is ſer 
down the time the moon takes to go through the arc 1x; this time i to be 
added to or ſubtracted from the time of the true conjunction, in order to de-. 
termine the time of the middle of the eclipſe, and is different, accord as | 
ts eedockiy of home's. metog:tng- the tow had ne ATI her 
node are different: theſe tables, . reach no far- 
ther than the ecliptic limits. vn 

The largeneſs of the earth's diſk is hos hath che ſemidiamerer of ks & 
qual to the horizontal parallax of the moon, F 980: from che center 3 draw 
a circle at pleaſure to repreſent the diſk, if the ſemidiameter theredf be | 
divided into as many parts as the horizontal parallax of the moon contains 3 
minutes and ſeconds, it will ſerve for a ſcale by which the circles of che ſha- i. 
dow and penumbre maꝶ be ſer off in their proper dimenſions: from-the cen- | | 
ter draw a circle, taking from the ſcale for its'ſemidiameter 3 | 
nutes and ſeconds as the exceſs of the apparent ſemidiamerer of the moon CE 
bove that of the ſun amounts to, this will exhibit the cirtle of the moon's ſha. 
dow; from the ſame center draw a circle M N, taking from the ſcale its f.. 
midiameter equal to the ſum of the ſemidiameters of the ſun and moon, and 
this will repreſent the circle of the penumbra, in its true dimenſions: theſe things - | | . 8 
being done, if che diſtance'# v4 be greater than che ſum of the ſemidiameters | Fe 14 
of the diſk and. of che penumbra, as fig. 40, there can be no eclipſe eclipſe; for 49; 
the penumbra will n. + fe deen equal har ſum, 
as fig, 43, the ponies: will juſt ranch the 018, bur cauſe no fe 3. if 

* 
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FIG. EM be leſs than that ſum, that is leſs than N added to x B, but greater than 
"42 the ſum of the ſemidiameters of the ſhadow and the diſk, as fig. 4.2, the pe- 
numbra will cover ſome part of the diſk; for example, in the middle of the 
eclipſe, the ſegment r R B, and cauſe to the inhabitants of thoſe parts of the 
earth over which ir paſſes a partial eclipſe: 4, if the diſtance E M be leſs than 
43z the ſum of the ſemidiameters of the ſhadow and the diſk, as figg. 43, 44, the 
44 ſhadow will cover ſome part of the diſk, and cauſe a total eclipſe of the ſun 
in all the places over which it paſſes; which eclipſe will alſo be central in all 

the places over which the center of the ſhadow paſſes. 

1033 For the duration of ſolar eclipſes, take the follow ing 3 If the 
moon is in her node, the center of her ſhadow paſſes over the center of the 
earth's enlightened diſk, and deſcribes a diameter thereof, which is the long- 
eſt line that can be drawn in a circle, as ab; if the moon has latitude, the cen- 
ter of her ſhadow deſcribes a chord in the circular diſk of the earth, a line 

47 leſs than a diameter, as cd, fig. 47. | 
1034 The beginning of the general eclipſe is when the penumbra of the moon 
| firſt couches the diſk of the earth; the end is when the penumbra leaves the 
diſk: The duration of the general eclipſe is the time that paſſes from the firſt 
entrance of the penumbra upon the diſk till it is gone entirely off: all that 
time the ſun appears to be eclipſed in ſome part of the earth or other: the 
duration of the general eclipſe depends upon 1, the velocity of the moon's 
motion from the ſun: 2, upon the length of the line deſcribed upon the diſk 
of the earth by the center of the penumbra, 3, upon the largeneſs of the ſha- 
dow and penumbra, 4, upon the largeneſs of the diſk of the earth: the diſk 
of the earth is largeſt when the moon is in perigee, leaſt when in apogee. The 
beginning of a ſolar eclipſe in any place is when the penumbra firſt touches the 
| place; the end when the penumbra leaves the place: the beginning of total 
= darkneſs in any place is when the ſhadow firſt touches the place; the end when 
Mp | the ſhadow leaves it: all the time the penumbra is paſſing over any place, 
the eclipſe is partial in that place: all the time the ſhadow is Paſſing over 
any place, the inhabitants thereof have the ſun totally eclipſed. Ir is eaſily 
underſtood, that it is day in every place upon the enlightened diſk of the earth: 
| 2, og: 5 when by the rotation of the carth any place comes firſt into the diſk, 
FO. oe the ſun appears then to riſe in that place; 3, when any place is by the ſame 
T ,,forationcarried from off the diſk, the ſun appears to ſet in that place: 4, when 
_— the meridian of any place comes to ſtand towards the fun, as the reRilinear 
#9 meridian pf does, fig. 39, it is noon in that place: hence it follows, that 
ware the penumbra firſt touches the diſk, the inhabitants of that place ſec 
the 
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the beginning of the eclipſe at ſun- riſe; where the penumbra laſt leaves the #16. 


diſk, the inhabitants ſee the eclipſe end when the ſun is ſetting with them. 
1035 In an eclipſe of the ſun that is central and barely total in any place, 
fince only the tip of the cone of the moon's ſhadow reaches the place; 
the ſhadow is ſo ſmall that it is no ſooner upon the place than it is off again: 
to the inhabirants of that place, the ſun appears to be entirely covered: by the 
moon, for a moment only; ſuch an eclipſe is ſaid to be rotal without ſtay: an 
eclipſe may alſo be without ſtay, though the ſhadow be of ſome breadth, if 
the place be ſo ſituated that a line drawn through ic upon the diſk of the earth 
parallel to the way of the center of the ſhadow only touches one edge of the , 
ſhadow. In an eclipſe of the ſun that is more than total in any place, the 
ſhadow of the moon takes up ſome time in pafling over that place; ſuch an 
eclipſe is ſaid to be total with ſtay: the time of ſtay or total darkneſs in any 
place is the time the ſhadow is paſſing over it: this time is variable from the 
different length of the diameter or chord of the ſhadow. that paſſes over the 
place, and the different velocity of the moon's motion from the ſun, & 958. 

1036 In fig. 48, let fgh be the earth, cde part of the orbit of the moon; 48 
for ſo little a time as the ſhadow and penumbra are paſſing over the diſk of 
the earth in the direction /g, we may, without ſenſible error, conſider the 
motion of the moon as if it were in a ſtrait line, in the direction a: in which 
caſe the axis of the ſhadow would be carried parallel to ĩt ſelf; and conſequent- 
ly, the velocity of the center of the ſhadow in the direction g would. be equal 
to the velocity of the moon in the direction a5: the moon goes through her 
orbit of 360 degrees in 29 days and an half; that is, at the rate of about one 
degree in 2 hours. Since the ſemidiameter of the moon's orbit is equal to 60 
ſemidiameters of the earth, 980; one degree in the orbit of the moon is 
equal to 60 degrees of a great circle upon the ſurface of the earth: therefore 
the moon's ſhadow and penumbra go upon the diſk of the earth at the rate 
of 60 degrees or 3600 geographical miles in two hours, that is, 30 ſuch miles 
in a minute of an hour; which is about three times as ſwift as the motion of 
a cannon ball when ir firſt leaves the mouth of the cannon, according to ex- 
periments related in the hiſtory of the R. Academy of Sciences at Paris for 
the year 1706. The diameter of the ſhadow being ſmall, and the motion 
thereof thus ſwift, any place over which it paſſes is quickly out of the ſha- 
dow into the penumbra; therefore the total darkneſs in any place, even where + 
the eclipſe is central, continues but a few minutes, & 1044: the diameter of 
the penumbra, being pretty large, is a conſiderable time in paſſing over any 
place which lies near the way of its center; and therefore, in a place fo ſitu- 
ated, the partial eclipſe may laſt above two hours. 
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49 through every 15th degree of the equator, as in fig. 49, where an is the e- 
39 ans; in this projection, as alſo in that of the 39th figure, the parts of the 


49 line abcdef &c, according to the order of the letters, fig. 495 it will then paſs 


Jo the time the moon appears to cover any part of the ſun: in fig, ga, let as 
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1037 Let meridians be projected upon the enlightened diſk of the earth 


quator, the elliptic curves y@s, rs, &c and the ſtrait line gs are meridi- 


earth are exhibited larger the nearer they are to the center of the diſk ; leſs, 
the nearer they are to the circumference: thus, the meridians are more di- 
ftant from each other the nearer they are to the rectilinear one which is drawn 
through the middle of the diſk: from hence it follows, that the axis of the 
moon's ſhadow, being carried nearly parallel to it ſelf during the time of a 
folar eclipſe, fo as to deſcribe equal lines in equal times upon the earth's diſk, 
will deſcribe unequal lines in equal times upon the ſpherical ſurface of earth: 
let the center of the ſhadowe move equably over the difk, of the earth in the 


from @ to d, or from & to n, that is, through three meridians 15 degrees a- 
ſunder, nearly in the ſame time as it goes from F to g, or from g to h, which 
is only from one meridian to anocher that is but 15 degrees diſtant from it: 
CTR wot se engee i= paling oyer any rape, the 
nearer that place is to the center of the Hiſk. 
1038 If ax eclipſe of the ſun be confidered & jt appear: fn the een the 
moon's motion from the fun being generally caſtward, the beginning of a fe- 
bar eclipſt in any place is when the eaſlern edge of the moon's diſk, ſeen from 
that place, firſt appears to touch the weſtern edge of the fun's diſk; tbe end 
of the echpſe is when the weſtern edge of the moon's difk appears to leave the 
eaſtern edge of the ſun's diſk : tinned pen e eee 


be part of the apparent orbit of the moon, a the ſun, the center of the moon 
at the beginning, x her center at the end of the eclipſe, the duration of the e- 
elipſe is the time the moon, in her motion from the ſun, takes in paſſing from 
M to x; that is, in a central eclipſe, through an arc equal to the ſum of the ap- 
parent diameters of the ſun and moon: the apparent diameter of the moon in 
apogee, when her motion is ſloweſt, is a9 30, the apparent diameter of the 
fun when greateſt 32 44”, the ſum of theſe two diameters is 62 14: when 
the luminaries are in theſe circumſtances, which are ſuch as make a ſolar e- 
clipſe of the longeſt duration, the moon in ſyzygy goes in her motion from 
the ſun at the rate of 27 4 in an hour, which carries her through an arc of 
62 14 in 2 hours and 18 minutes: and this would be the longeſt duration 
3 of an eclipſe of the ſun, if it were ſeen from the center of the earth. 

Scholium. The eclipſe now deſcribed muſt be annular, becauſe the appa- 
rear dias ofthe moon i lf han tht of the dan; fo that there wal 
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ter of the moon in the horizon is then 33 38”, of the ſun 31 44, the fam of 
theſe is 66 22": ſuch an eclipſe will be greater, than when the moon is in 
apogee, becauſe the moon will now more than cover the whole ſun; but the 
duration of it will be ſhorter; becauſe the greater velocity of the moon in pe- 
ene ee 
beginning and end of the eclipſe. 

When the eclipſe begins in any place it is partial, A ee de 
time che moon appears to advance over the diſt of che fun, covering more 
and more of it every moment, till the whole diſk is hid; if the place be ſo 
ſiuated as to have a total eclipſe, at chat time: the eclipſe can be total in any 
place but for a few minutes only, as has been ſaid before; when che time of 
total darknets is over, the leaft thread of light, that comes directly from that 
edge of the ſun's diſk which is firſt left by the moon ſaddenly illuminates 
the air to a degree that appears if the darkneſs has laſt- 
ed 2 or 3 minutes, fo as ro dilate the pupils of the eyes of the : the 
delipſe is then again partial, and continues ſo, gradually detreaſing, as the 
moon paſſes off from the dick of the ſan, and every moment lets more and 
more of kim be form, till his whole diſl is again vifible in that place. When 
A moment, aftor 
the beginning, to cover more ant more of che fun, till che time of the mid- 
dle of the eclipſe, or greateſt obſcuration then the eclipſe gradually deercaſes, 
the moon continually letting more and more of the fun be ſeen, till the 
ecliple is over, in that place: wWneem wammipy 
treat hereaſter. 

- 1039 The beginning of total Jorknefs in uny place is when the moon firſt 
appears to a ſpectator in that place to oover the whole diſk of the ſun; ebe 
end of total darkneſs in any place is when the moon by her motion from the 
ſun, lets ſome part of his diſk be feen again, in that place. The duration of 
total darkneſs in any place is all the time the diſk of che ſun appears to a ſpec- 51 
tator in that place to be entirely covered by the moon: in fig. 57, let N be 
part of the apparent orbit of the moon, ac the apparent diameter of the moon, 
bc che apparent diameter of the fun, the figure repreſents rhe moon juſt co 
vering the whole diſk of the ſun, as the appears to do at the beginning of to- 
tal darkneſs: this darkneſs continues till a the weſtern edge of the moon's 
'diſk appears to go from a to h the weſtern edge of the diſk of the ſum: the 
duration then of total darkneſs is while the moon in her motion from the 
fun, is going through an arc of her apparent orbit equal to ab, the exceſs * 
the moon's apparent diameter above the apparent diameter of the fon. / 
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no total darkneſs, If the luminaries be both in perigee, the apparent diame- rid. 
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1040 The apparent diameter of the moon in che horizon in ſyzygy when 
5 33 38˙, by the tables: of the ſun in apogee is 31 38, 
775: ſo that the apparent diameter of the moon in ſyzygy in the horizon 


when greateſt does not exceed the apparent diameter of the ſun when 


that is leaſt above two minutes of a degree: in this ſituation of the lumina- 
ries, as appears by the tables of the hourly motions of the ſun and moon, the 
motion of the moon from the ſun is 35 48 in an hour, which is at the rate 
of 2 minutes of a degree in 3 minutes and about 20 ſeconds in time; this 
then would be the: longeſt poſſible duration of total darkneſs, even when an e- 
dipſe of the fun is central, if it were viewed from the center of the earth: 
this alſo would be the longeſt duration of a ſolar eclipſe, when the luminarics 
are in the horizon, if the place of the ſpectator were a fixt point. The du- 
ration of total darkneſs in a central eclipſe depends not upon the exceſs of the 
apparent diameter of the moon above that of the ſun alone, but upon that 
exceſs and the velocity of the moon's motion from the ſun conſidered toge- 
ther: this exceſs is increaſed by the moon being in the zenith in a greater ra- 
tio than the apparent velocity of the moon is: therefore, the total darkneſs 
Will be of longer duration where the luminaries are in the zenith than where 
they are in the horizon: thus, ſuppoſe the exceſs of the moon's apparent 
diameter above that of the ſun to be 2 minutes of a degree, as it is when the 
ſun is at the greateſt and the moon at the leaſt diſtance from the earth; this 
exceſs, when the moon is in the zenith, being increaſed a Goth part of 3 33 
38 her apparent diameter, will amount to a little more than 2 337; ſo that 
the exceſs is abaut a 4th part greater in the zenith than in the horizon; but, 
| the apparent velocity being increaſed only a both part, the duration of total 
darkneſs is: — z longer in the zenith than in the horizon: thus, if in the ho- 
rizon the total darkneſs were 3 of an hour, to a ſpectator who has the lumi- 
naries in his zenith it would be 3 42": it is very eaſy to conclude from hence 
chat the duration of total darkneſs in any ſolar eclipſe is longer in any place 
the nearer the luminaries are to the zenith of that place during che time of 
total darkneſs. 5 
1041 When the moon is in the zenith of any place, ſbe is a fernidiarzenr of 
the carth or about a Goth part of her whole diſtance, nearer to. that plaet 
52 than in the horizon, thus, fig. 52, let a ſpectator be upon the earth at 4, 
if the maon be in his ſenſible horizon at B, her diſtance from A is very neat- 
ly the ſame as from c the center of the earth; if the moon be in his zenith 
at 2, her diſtance is then no more than az, which is leſs than cs by ac, 
chat is by a whole ſemidiameter of the earth; or about a. both part of her 
. diſtance: now, ſince the * diameter of a globe increaſes in the 
| ſame 
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ſame ratio as its diſtance from che eye i is diminiſhed, 5 242, 243, the appa- Iq. 
rent diameter of the moon in the zenith is about a both part greater tban in the 
horizon: it is eaſy to ſee that as the moon — — 
zenith ſhe approaches nearer to the eye of the ſpectator, and conſequentiy 
her apparent diameter continually increaſes: in the table at the end of the 
preſent chapter, may be ſeen how much the apparent diameter of the moon 
increaſes as ſhe goes from the horizon towards the zenith, for every ſive der 
grees of her altitude. The ſun's diſtance is ſo great, that his. being a ſemi- 
diameter of the earth nearer will not ſenſibly increaſe his apparent diame- 
ter; therefore eclipſes of the ſun are, ceteris paribus, greateſt in thoſe places 
where the luminaries are neareſt the zenith: for, whereas the ſun continues 
of the ſame diameter, he is covered by. enn che near- 
er the luminaries are to the zenith. 0 | 
1042 The apparent motion of the moon. is fwiſter the nn Ga — 
nith of any place: this increaſe of the apparent velocity. of the moon is in 
the ſame ratio as the increaſe of her apparent diameter: for this reaſon, a 
tranſit of the moon over a ſtar which appears but as a point would take up the 
ſame time whether the moon be in the horizon or the zenith, if the place of 
the ſpectator were at reſt; the greater apparent diameter of the moon in che 
zenith being balanced by her proportionally greater apparent velocity. Thus 
in fig. 53, let A be the earth, 3 DG the orbit of the moon, x c the apparent 53 
diameter of the moon in the horizon, ſuppoſe it of 333 take p equal to a c 
if ax be viewed by a ſpectator at A in his zenith, it will appear to ſubtend an 
angle of 33 337, a Goth part greater than BG does viewed from n the center 
of the earth, or from A in the horizon of the ſpectator: for ꝝ d ſeen from u is 
meaſured in the circle 3D, che ſemidiameter of which. is h; but Dr ſeen 
from A is meaſured. in the circle Er l, the ſemidiameter whereok is AD, leſs 
than u B by a Goth part: now if each of theſe; circles he dixided into degrees 
minutes and ſeconds, the degrees minutes and ſeconds contained {in,B mea- 
ſured in the circle àc muſt be as much larger than thoſe of nz, meaſured 
in the eirele DE T, as 4B is greater than A p; for the peripheries of circles or 
ſimilar arcs of them are as their Iemidiameters, and conſequently, the number 
of ſeconds in vx thus meaſured mult be to the number of ſecongs in Bc recie- 
procally as their magnitude: ſo, that if 1980 the number of. ſeconds i in. g be 
divided into 60 parts, there will be one of thoſe parts or about 33 in n mote 
than.in.B c. Again, if BC and DE be conſidered as equal arcs Which the moon: 
goes through in a given time, it. is eaſy to ſee, that the angular. motion of the . 
moon through Dx ſeen from A is a Goth part greater than that through, n S 
Eco from n or. from A; for, from A the motion of the.mog ee DR ap- 
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vid. pen to be throagh mn are of about 33 ſeconds more than the are ; c appear 
Sz do oontain, viewed from u or A. So that if, for inſtance, the modn ſeen from 
were — in a given time, the will, ſeen 
pra het. ne through px an arc of 3 3, in the fame time. 
' x44 The du rana a cearal jolay velipſe in any place depends upon the ap 
. rr. 
rent diameters of the fun and moon conſidered : the increaſe of thi 
ſum, as the luminaries ure feen heater to the zenith, ariſes from the increa 
of the diameter of the moon only, for the ſun's apparent diamete 
is not ſenſibly increaſed: the apparent diameter of the moon is nearly equi 
to that df the fun: the increaſe therefore of a Goth part in the moon's apps 
rent diameter will increaſe the ſum of the apparent diameters of both lumi 
naries only an 120th part of that ſum: the apparent velocity of the moon it 
rhe >enith is a 66th part greater than in the horizon; but, allowing for what 
&s balanced by the'increafe of the fun of the apparent diameters, we may 
eonfider the increaſe of the apparent velocity as being only an 120th par 
the effects are the ſame as if ir were ſuch, the duration of a ſolar ectiple wil 
be an 126th pate ſhorter in the zenith than in the horizon: thus, an ecliple, 
r 2 BDA79 WL If Foere ts An veal, lat bu 
wn 0pm roger name | 
1044 We hive hitherto confidered white ed be the Kegelt dude 
ern War Eehple viewed Rom we Genter of the earth, or from the ſurface, 
Tuppofing the earth had no rotation round its axis: but, as every place upon 
the ſarface' of the earth is, by this rotation, carried round nearly the ſame 
why that che moon goes in her orbit, this motion of the place of a ſpear 
will cauſe the motion of the moon to appear to him fo much flower as his 
own motion amoumts to, than it would do if he were to view it from a fix 
point: if the ſpeRaror be at the equator, and in the middle of the diſk, he i 
cattied with greater velocity the ſame wiy with the moon than on any orhe: 
part-of the earth; -rhe tnotion of any point of the equator is at the rate of 15 
geographical miles in a minute, which is very little Teſs than half of the 
mibon's motion from the ſun, in the caſe we are now ſuppoſing, when that 
motion is fiviſteft of all: 100 chat, the didtherers of the luminaries being s 
was mentioned 9 1040, in a Tolar eclipfe that happens when they are n 
the zenith; the lime of rotal darkneſs is by the rotation of the earth increaſe 
altnoſt half, and may amount to about five minutes of an hour. 
the ſpectator be upon the equator and near the edge of the diſk, the rotation 
of the earth carries him round with the ſame velocity as in the caſe juſt non 
mentioned: but, becauſe a fine drawn from the moon to his place is then wc 
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wards the moon, ar almoſt directly from her; but his motion the ſame way 
with the moon is then fo little as to be ſcarcely ſenfible: in this caſe, the ro- 
tation of the earth contributes very little towards lengthening the duration of 
total darkneſs: it will therefore be very nearly the ſame as if the were 
eee wy eee In fig. 54, let x be the moon, LMN 54 

of the orbit of the moon in which ſhe moves according to the order 
0 thoſe letters, abcd the equator of the earth, y one of the poles: by the 
earth's rotation according to the order of the letters, the ſame way eee 
moon, a ſpectator upon the earth at a who has the moon in his zenith con- 
tinues the longer in the ſhade, becauſe he is carried along with it, as it moves 
upon the earth from à towards ; whereas a ſpectator at q who has the moon 
in his horizon, being carried almoſt directly towards M, may be confidered as 
ſtationary in reſpect of the moon; as may a ſpectator alſo at b, who is carried 
almoſt directly from the moon. 

Corel. The time of total darkneſs in any place is more or leſs increaſed by 
the rotation of the earth, according as that place is near to the equator or 
diſtant from it, and has the luminaries nearer to or farther from the zenith ar 
the time of the middle of the eclipſe. The rotation of the earth lengthens alſo 
more or leſs the time the ſun is partially eclipſed in any place, in the ſame man- 
ner as it does the time of total darkneſs in that place: in an eelipſe that is 
central or nearly ſuch, if the ſpecta equator, and has the lu- 
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104 5 r r, by 
ane of height o the fun rnd chrough the aemoſper of the moo: 
2, by the light of the ſun's atmaiphere: 3, by that light which extends it ſelf 
fea he fu both waye ang the clip, deriva by Dom Caſſoni in a trea- 
tiſe upon that ſubje&, whereof I ſhall give an account in a proper place: 4, 
by the ſun's light falling upon thoſe parts of our atmoſphere which, though 
not within our view, are near enough to us to reflect that light upon ſome 
parts of our that are within our viſible horizen. The circle of 
pale light that appears round the moon in a total eclipſe of the fan is wick 
great probability ſuppoſed to be owing, to the atmoſphere of the moon: total 
eclipſes of the ſun wherein this pale light has been ſeen have ſometimes, by 
miftake, been thought to be annular, when the tables of the ſun and moon 
have made it manifeſt that the apparent diameter of the moon was not as 
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ry nearly a tangent to the earth, the rotation carries him almoft directly to- FIG. 
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1046 It has been diſputed among aſtronomers, whether the moon has any at- 
maſphere or not: to prove ſhe has none, it is alledged that, in an appulſe of 
the moon to a ſtar, when ſhe comes ſo near to it that part of her atmoſphere 

is interpoſed between our eye and the ſtar, refraction would cauſe the ſtar to 
ſeem to change its place, ſo that the moon would appear to touch it later 
than by her own motion ſhe would do: the anſwer to this is, that the atmo- 
ſphere of the moon, having but a third part of the denſity of the earth's at- 
moſphere, is too thin to produce ſuch refraction of the ſtar as to cauſe a viſi- 
ble change of its place in the heaven. Sir 1/aac Newton has ſhewn, princip. 
prop. 37, cor. 5, that the weight of any body upon the moon is but a third 
part of what the weight of rhe ſame would be upon the earth: now the ex- 
panſion of air is reciprocally as the weight that compreſſes it; the air there- 
fore ſurrounding the moon being preſſed together by a weight, or being at- 
tracted, towards the center of the moon by a force, which i is equal but to a 
third part of the force with which our air is attracted towards the center of 


che earth, our atmoſphere muſt be three times as denſe as the atmoſphere of 


the moon. Some philoſophers are of opinion that there are no ſeas or lakes 
in the moon, and from thence conclude there is no atmoſphere, becauſe there 
is no water there to be raiſed up in vapours: I have before ſhewn that it is 
very probable ſome of the dark ſpots upon the moon are water, and given an 
anſwer to the arguments which are. brought to prove the contrary, & 965. 
..,1047 Though we have mention made in ſeveral paſſages of ancient and 
later hiſtorians of the ſun being, at different times, ſo darkened by the inter- 
poſition of the moon that the day ſeemed to be turned into night, and that 
the ſtars appeared, as may be ſeen in the catalogue of eclipſes given by Ric 
cialus in his Almagelt J. 5. c. 19; yet have we no good deſoription of any to- 
tal eclipſes of che ſun, till we come to thoſe which have happened in the 
— century; and theſe, eſpecially ſuch as were total in any part of Eu- 
rope, have been obſerved by divers able aſtronomers with ſuch attention, that 

it will be worth while to lay before the reader ſome extracts from the ac- 
counts of them which have been made public. 
In the eclipſe may the 16 1706, Captain Sraman from Bern i in Swirzer- 
land * 2 ſun. was totally darkened there, for 4 minutes and : of 
time; a fixt ſtar and a planet appeared very bright, that his out 
of the eclipſe was preceeded by a 1 light, mn left 
limb, which continued not longer than 6 or 7 ſeconds of time; then part of 
the ſun's diſk appeared, all on a ſudden, brighter than venus was ever ſecn 
in the night, and in that very inſtant gave light and ſhadow to things 2 
* as moon light uſes to do. The Ire of this account obſerves that 
the 
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the red ſtreak of light preceeding the emerſion of the ſun's body infers thar 
the moon has'an atmoſphere; ; and its ſhort continuance of 6 or 7 ſeconds tells 
us that its height is not more than the 5 or 6 hundredth part of her diameter. 
The ſame eclipſe was obſerved at Geneva by Patio, who ſays there was 
*ſcen, during the whole time of the total immerſion, a whiteneſs, which 
ſeemed to break out from behind the moon, and to encompaſs her on alt 
«fides equally: this whiteneſs was not well defined on its outward fide, and 
the breadth of it was not a twelfth part of the diameter of the moon. 
This planet appeared very black, and her diſk very well defined, within the 
whiteneſs which'encompaſſed it about, and was of the ſame colour as that 
of a white crown or Halo of about 4 or 5 degrees in diameter, which accom- 
*panied it and had the moon for its center. A little after the fun had 
begun to appear again, the whiteneſs and the crown which encompaſſed the 
moon did entirely vaniſh.” I muſt add, that this deſcription is a little perplext 
either through the fault of the author or of the tranſlator; for 1 ſuppoſe Fa- 
tio wrote in French; however it plainly appears by it, that the moon's at- 
moſphere was viſible, ſurrounded by a light of larger extent, which I think 
muſt be that luminous appearance mentioned from Caſſini, & 104 5. Flaniſteed 
who publiſhed this account takes notice that, according to theſe obſervations, 
the altitude of the moon's atmoſphere cannot be well ſuppoſed leſs than 130 
geographical miles: and that probably this atmoſphere was never diſcovered, 
before this eclipſe, by any refraction of the ſtars, by reaſon of the ſmallneſs 
of the refraction, and for want of proper obſervations. 

Dr. Scheuchzer's account of the ſame eclipſe as ſeen at Zurich is in theſe 
words, we bad an eclipſe of the ſan which was both total and annular: to- 
'ral, becauſe the whole ſun was covered by the moon; annular, not what i is 

properly ſo called, but by refraction; for there appeared round the moon a 
bright ſhining, which was owing to the rays refracted through the acmotphere 
bat of the moon. Phi tranſact. n. 306. 
ace 1048 Dom. Caſſini, who had tranſmitted to him obſervations of this eclipſe 
from ſeveral places, gives a large account of it, in a memoire of the year 
1700: he ſays that, in all thoſe places where it was roral, during the 
time of total darkneſs, there was ſeen round the moon a crown, or broad 
circle of pale light, the breadth whereof was about a 12th part of the moon's 
diameter: that at Montpellier, where the obſervers were particularly atten- 
tive to ſee if they could diſtinguiſh the luminous path in the zodiac mentioned 
\ 1045, they took notice of a paler light of a larger extent, which furround- 
ed the crown of light before mentioned, and ſpread it ſelf on each ſide of it, 
to the diſtance of four degrees. He then mentions Kepler's _ that the 
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crown of light which appears round the moon during the total darkneſs in 
an eclipſe of the ſun is cauſed. by ſame celeſtial matter ſurrounding the moon, 
of ſufficient denſity to receive the rays of the ſun, and ſend them to us, and 
that the moon may have an atmoſphere ſimilar to that of our earth, which 
may refract the rays of the ſun: he tells us that he (Caſſini) had often obſer. 
ved occultations of ſaturn, of jupiter and his ſatellits, and of ſome fixt ſtars, 
cauſed by the moon, without perceiving any change in thoſe ſtars, at their 
immerſion; which made him imagin there was at that time no atmoſphere 
on that ſide of the moon which hid them: but, at other times, a ſtar has ap- 
peared to change its place a little, immediately before the appulſe of the moon, 
whether that were on her bright or dark ſide: and that this induced him to 
he of opinion that, there was, at thoſe times, on that ſide of the moon, ſome 
matter, denſe enough to refradt the us of the ſtars, and cauſe thoſe appear- 
ances. 

1049 Inthe.year 17155 on the ad of apeil old fiyle, vue was an eclipſe 
of the ſun, which, being total at London, was obſerved there by Halley, ac- 

companied, beſides many others, by Lowwille of the R. Academy of Paris who 
came into England for that purpoſe. I ſhall give ſo much of Halley s account 
of it as I think neceſſary, in his own words. 
It was univerſally obſerved, that when the laſt part of the fun remained 
- zen his caſt fide, it grew very faint, and was eaſily ſupportable to the naked 
*eye, even through the teleſcope, for above a minute of time before the to- 
 *ral darkneſs; whereas, on the contrary, my eye could not endure the ſplen- 
dour of the emerging beams in the teleſcope from the firſt moment. To this 
perhaps two cauſes concurred; the one, that the pupil of the eye did neceſ- 
 <arily dilate it ſelf during the darkneſs, which before had been much con- 
tracted by looking on the ſun. The other, that the eaſtern parts of the 
moon, having been heated with a day near as long as thirty of ours, muſt of 
*neceffity have that part of its atmoſphere replete with vapours, raiſed by the 
ſo long continued action of the ſun; and by conſequence, it was more denſe 
near the moon's ſurface, and more capable of obſtructing the luſtre of the 
*ſun's beams. Whereas at the ſame time the weſtern edge of the moon had 
ſuffered as long a night, during which there might fall in dews all the va- 
pours that were raiſed in the preceding long day; and for that reaſon, that 
part of its atmoſphere might be ſeen much more pure and tranſparent. 
*About two minutes before the total immerſion, the remaining part of the 
ſun was reduced to a very fine horn, whoſe extremities ſeemed to looſe their 
*acuteneſs, and to become round like ſtars. And for the ſpace of about 3 
<quarter of a minute, a ſmall piece of the ſouthern horn of the eclipſe _ 
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ed to be cut off from the reſt by a good interval, and appeared like an ob- 

long ſtar rounded at both ends: which appearance could proceed from no o- 

ther cauſe, but the inequalities of the moon's ſurface, there being ſome ele- 

'vated parts thereof near the moon's ſouthern pole, by whoſe mn 
part of that exceedingly fine filament of light was intercepted. 

*A few ſeconds before the ſun was totally hid, there diſcovered it ſelf round 
the moon a luminous ring, about a digit or perhaps à tenth part of the 
*moon's diameter in breadth. It was of a pale whiteneſs, or rather pearl co- 
*lour, ſeeming to me a little tinged with the colours of the Iris, and to be 
*concentrick with the moon; whence I concluded ic the moon's atmoſphere. 
But the great height of it, far exceeding that of our earth's atmoſphere; and 
the obſervations of ſome who found the breadth of the ring to increaſe on 
the weſt ſide of the moon, as the emerſion approached; together with the 
*contrary ſentiments of thoſe, whoſe judgment I ſhall always revere, makes 
me leſs confident, eſpecially in a matter whereto I gave not « all che attention 

erequiſite. 

Whatever it was, this ring appeared much brighter and whiter near the 
body of the moon, than at a diſtance from it; and its outward circumference, 
*which was ill defined, ſeemed terminated only by the extream rarity of the 
matter it was compoſed of; and in all reſpe&s reſembled the appearance of 

*an enlightened atmoſphere viewed from far: but whether it belociged to the 
ſun or moon, I ſhall not at preſent undertake to decide. 

During the whole time of the total eclipſe, I kept my teleſcope conftanc- 
ly fixt on the moon, in order to obſerve, what might occur in this uncom- 
mon appearance, and I ſaw perpetual flaſhes or corruſcations of light, which 
ſeemed for a moment to dart out from behind the moon, now here, now 

there, on all ſides, but more eſpecially on the weſtern fide, a little before 
the emerſion: and about two or three ſeconds before it, on the ſame weſtern 
"tide, where the ſun was juſt coming out, a long and very narrow ſtreak of 
ea duſky, but ſtrong red light, ſeemed to colour the dark edge of the moon, 
though nothing like it had been ſeen immediately after the immerſion. But 
this inſtantly vaniſhed upon the firſt appearance of che ſun, as did alſo the 
aforeſaid luminous ring. Phil. tranſact. n. 343. 

1050 Lowville, giving an account of this eclipſe , mentions, as one of the 
principal things taken notice of, a luminous ring of a ſilver colour that ap- 
peared round the moon, aſſoon as the ſun was entirely covered by her difk, 
and diſappeared the moment he recovered his light: that this ring was bright- 
eſt near the moon, and grew gradually RIOT mn, 


a Memoires d Acad. ann 1715. 
3 F 2 rence 


408 ASTRONOMY | BOOK ;. 
rence, where it was however defined: that it was not every where alike 
bright, but had ſeveral breaks in it: he makes no doubt of its being cauſed 
by the moon's atmoſphere, and thinks the breaks obſerved therein were ow. 
ing to the mountains in the moon: he ſays the ring was exactly concentric 
to the moon not to the ſun, during the whole time of its appearance. Another 
proof brought by him of the moon having an atmoſphere is that, towards the 
end of total darkneſs, there was ſeen on that ſide of the moon on which the 
ſun was going to appear a piece of a circle of a lively red, which might be 
owing to the red rays, that are leaſt refrangible, being tranſmitted through 
the moon's atmoſphere in the greateſt quantity: and, that he might be aſſu- 
red this redneſs. did not ariſe from the glaſſes of his teleſcope, he took care to 
bring this red part into the middle of thoſe glaſſes. 
- Lowulle lays a great ſtreſs on the ſtreaks of light which he ſaw dart inſtan- 
taneouſly from different places of the moon, during the time of total dark- 
neſs; but chiefly near the eaſtern edge of her diſk: theſe he takes to be light- 
nings, ſuch as a ſpectator would ſee flaſh from the dark hemiſphere of the 
earth, if he were placed upon the moon, and ſaw the earth come between 
himſelf and the fun: now it is highly probable that, if a man had at any time 
a view of that half of the earth where it is night, he would ſee lightning in 
- ſame part of it or other; he farther obſerves that the moſt mountainous coun- 
tries are moſt liable to tempeſts, and that, mountains being more numerous 
on the moon and higher than on the earth, thunder and lightning muſt be 
more frequent there than with us: and that the eaſtern fide of the moon 
would. be moſt ſubje& to thunder and lightning, thoſe parts having been heat- 
ed by the ſun for the half month immediately preceeding. I muſt here take 
notice that Halley, in mentioning theſe flaſhes, ſays they ſeemed to come from 
behind the moon; that Louville, though he ſays they came ſometimes from 
one part of the moon and ſometimes from another, owns that he himſelf 
ſaw them only near the eaſtern ſide of her diſk, and that, not knowing at that 
time what it was he ſaw, he did not think of taking notice whether the 
ſame, appearance was to be ſeen in other parts of the moon or not; and wiſh- 
es this phenomenon may be attended to in total eclipſes of the ſun which 
ſhall be obſerved hereafter. He tells us of an Engliſh aſtronomer who pre- 
ſented the Royal Society with a draught of what he ſaw in the moon at the 
time of this eclipſe; from which draught Louville ſeems to conclude that a- 
ſtrenomer had obſerved lightnings near the center of the moon's diſk : now 
thunder and lightning would be a demonſtration of the moon having an at- 
moſphere of a nature fimilar to ours, wherein vapours and exhalations may 
riſe and be ſupported, and ſupply the materials for clouds, ſtorms and tempeſts 
f he 3 But 
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But the ſtrongeſt proof brought by Loudillx of the moon having an atmo- 
een is this, that, aſſoon as the eclipſe begun, thoſe parts of the fun which 
were going to be hid by the moon grew ſenſibly paliſh as the moon came near 
them, ſuffering beforehand a kind of imperfe& — or diminution of light; 
this could be owing to nothing elſe but the atmoſphere of the moon, the 


earth, Louville thinks that no objection; ſince, if the moon were ſurrounded 
by an atmoſphere of the ſame nature with that which encompaſſes the earth, 
the gravitation thereof towards the moon would be but a third part of that 
of our atmoſphere towards the earth, and conſequently its expanſion would 
make the height of it 3 times as great from the moon as the height of our at- 
moſphere is from the earth, by what was ſaid 5 1046. See the retnarks. 

1051 It has already been mentioned that, in an appulſe of the moon to a 


of the moon coming between the ſtar and our eye: that the fact is ſo is ra- 
ted in almoſt all the accounts we have of appulſes of the moon either to ſtars 
or planets; though that there are ſome. exceptions to this general rule; may 
be ſeen § 1048: to this we may add an obſervation made by Me. Kirch at 
1 ſept. 19, 1730; with a teleleſcope of 18 feet, of an occultation' of ve- 

us by the moon: he ſays that venus was then almoſt in quadrature, and 
er whos the atits/ cake the moon, ſhe changed her ſbaps, and, 
the points of her horns diſappearing, became of an oval or ellipti& 0 


tranſa. n. 412. See alſo-what-was ſaid e erw 
moon's atmoſphere. 


was total in doch thoſe places for above 2 minutes, and, at the laſt mention- 
ed place, the obſervers Maraldi and Caſſini were particularly attentive to that 
circumſtance: but they ſaw; the ring of pale light as in former eclipſes. 


moon juſt before the end of total darkneſs; the like phenomenon was ſeen in 
the annular eclipſe of feb; 18, 1737, immediately before the ring was com- 
pleated, and immediately after the eclipſe ceaſed — ar. Ph. man n. Ar. 

a Memoires 4 Acad. anne 1724˙· 


eaſtern part whereof going before her reached the ſun before the moon did. 


As to the great height of the atmoſphere of che moon, which, from the 
breadth of the luminous ring being about a whole digit, would upon a ca- 
culation come out 180 miles, above 3 times as high as the atmoſphere of the 


ſtar, the ſtar does not appear to change its place, upon the ſuppoſed atmoſphere 


which appearance he thinks is a proof that the moon has awarmo h re! bin 4 | 


1052 In the ſolar eclipſe of may the 1 N che ann men t - ; 
tioned & 1050, were not obferved at Paris or Trianon, though the e e 


To the preceeding accounts may added, chat whereas, in the total eclipſes. | 
of the ſun of 1706 and 171 5, a red light was viſible on the welt ſide of the: 
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116. Plutarcb, in his treatiſe de facie in orbe lung, has a paſſage which ſhews 


EE: whole duration of a central ſolar eclipſe, when all things concur to make it 
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that the luminous ring round the moon in a ſolar eclipſe was taken notice of Wil cv 
by ſome of the ancients: his words are theſe, © Ariſtarchus demonſtrates the 
e ratio of the earth's diameter to that of the moon to be leſs than 60 to 19, 
greater than 108 to 43: from whence it comes to paſs that the earth, by rea- 
<ſon of its magnitude, deprives us of the ſun, the whole night; but when the 
© moon even hides the whole ſun, it is without ſtay, and without any extent, 
(be argues as Kepler ſuppoſes from the obſervation of ſome particular eclipſe which 
bad been ſo circumſtantiated ) but there appears round her diſk a brightne 
*which hinders the darkneſs from being perfectly without any mixture of 
ks. 5 | 

_ There is one particular more, obſervable in eclipſes of the ſun, that 
whilſt any part of the ſun is covered by the moon, the diameter of the moon 
appears leſs than it ought to do, according to her place in her orbit, and her 
diſtance at that time from the earth: the French memoires ann. 1737, tell us 
that, in a ſolar eclipſe 1684, the diameter of the moon appeared under an an- 
gle of 30 5 at the moſt; whereas, by obſervations made ſome days before and 
after the eclipſe, her diameter was found to be 3 30: ſee alſo Phil. trans. n. 
163. That luminous bodies appear under a larger angle than opake ones of 
the ſame dimenſions, and at the ſame diſtance from the eye was mentioned 
in note bY 585. In the ſeveral phaſes of the moon wherein the dark part of 
her is viſible, the luminous part appears a portion of a larger circle than the 
dark part does: in the annular eclipſe of 1737, the ſmallneſs of the moon's 
diſk upon the ſun was ſurprizing to the ſpectators: the refraction of the 
moon's atmoſphere and the inflection of the rays of light ſpoken of & 220 may 
both contribute to this ap | 
1054 The duration of total darkneſs has been ſufficiently treated of: thr 
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the longeſt poſſible, may be above 2 hours and 3 quarters, by 5 1038, and 
corol. of & 1044: it is obvious that the duration of a partial eclipſe of the ſun 
will be longer the nearer the circumſtances of it approach to thoſe of ſuch x 
central one as was laſt mentioned. Where an eclipſe of the ſun is central, 
the diameter of the penumbra paſſes over the place: where an eclipſe is total 
burt not central a chord of the ſhadow paſſes over the place: where an eclipſe 
is partial a chord of the penumbra paſſes over the place: the duration of a 

partial eclipſe depends upon the velocity of the moon's motion from the ſun, 
found by the tables, and the length of the chord of the penumbra that paſſes 
55 over the place. In fig. 55, let xs be the diſk of the earth, abfe the pe- 

numbra of the moon, thoſe places of the earth which lye under the line 43 


have 
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have the diameter of the penumbra a6 paſs 
op are paſſed over by the chord cd, thoſe under the line x x by the chord ef. 55 
If partial eclipſes of the ſun be conſidered as they appear in the heaven, they may 
be repreſented by figg. 56, 57; wherein let ꝝ x be the ſun, xc the ecliptic, 56 
xx the moon at the beginning, vn the moon at the end of the eclipſe, Ly the 57 


apparent way of the moon from the ſun, as ſeen from a given place, during the 
time of the eclipſe in that place: the duration of the eclipſe in that place de- 
upon the velocity of the moon's apparent motion from the ſun, and the 
length of the line L p: thus, the partial eclipſe fig. 56 will be of longer duration 
than that in fig. 573 becauſe the line L y is longer in the former than in the latter. 
1055 The limit of ſolar eclipſes is a certain number of degrees minutes and ſe- 
conds which if the diſtance of the moon from her neareſt node exceeds the ſun 
will not be eclipſed; if it does not exceed, the ſun will be eclipſed, in ſome part 
of the earth or other. If the diſk of the earth and the ſhadow and penumbra 
of the moon be projected in their proper fituation and dimenſions, at the mo- 
ment of a conjunction, by F 1032, it may be found whether there will be an 
eclipſe of the ſun at that new moon, or not: and, if there will be one, what 
is the quantity thereof. The ſemidiameter of the diſk when it is greateſt is. 
62 11", the ſemidiameter of the penumbra when largeſt is 33 11"; the ſum 
of theſe, when both are greateſt, is 1* 35 22”: if the latitude of the moon, ar 
the time of a conjunction, exceeds that ſum, the penumbra will not fall upon 
any part of the diſk of the earth; fo that there can then be no eclipſe of the 
ſun, 1032, fig. 40. The greateſt limit of ſolar eclipſes is 1732; for that is thedi- 
ſtance of the moon from her neareſt node, when her latitude is 135 22%: as may 
be found by the method made. uſe of to determine the lunar ecliptic limits, 
$1019. The ſum of the ſemidiameters of the diſk of the earth and penumbra of 
the moon, when both are leaſt, is 1*25 7”: if at the time of any conjunction 
the latitude of the moon be leſs than that ſum, the penumbra or ſome part of ir 
muſt fall upon the diſk of che earth; and there will be an eclipſe of the ſan. 
The leaft limit of ſolar eclipſes is 15* 2'; for that is the moon's diſtance from 
her neareſt node, when her latitude is 1* 25 7". In any conjunction when the 
diſtance of the moon from her neareſt node is greater than the leaſt limit, but 
leſs than the greateſt limit of ſolar eclipſes, the ſun may be eclipſed partially, 
or may quite eſcape being eclipſed ar all; according as the ſum of the ſemi- 
diameters of the diſk of the earth and penumbra of the moon exceeds the lati- 
tude of the moon, at that conjunction, or falls ſhort of it: ſome writers, for 
this reaſon, call the greateſt limits of both ſolar and lunar eclipſes poſſible li- 
mits; becauſe within thoſe limits the luminaries may or may not be eclipſed: 
the leaſt limits they call neceſſary /imits, becauſe within thoſe limits the lu- 
minaries muſt be eclipſed. = | A table 
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The foregoing tables are taken from Caſini's tables aſtronomiques printed a 
Paris 17402. The firſt table ſhews the ſemidiameter, the horizontal parallax, 
and true hourly motion of the moon, for every th degree of her mean anc. Wl are 
maly, when in fyzygy, the only time that eclipſes can happen: when the 
mean anomaly of the moon, or her diſtance from her apogee, is leſs than fix Bl on 
ſigns, or than a ſemicircle, it is to be ſought in the firſt column on the leh 
hand: when it is more than fix figns, it is fer down in the laſt column on the 
right hand. 'The ſe of the table will be beſt ſhewn by an example or two. 
thus, if the mean anomaly of the moon be_ofers 5* or 1 152» 250, in either af 
which caſes her diſtance from her apogee is the ſame, her horizontal ſemidi. 
ameter, when in ſyzygy, is 14 45'; her horizontal parallax is 54 35", and 
her hourly motion 2 38“: agein, if the mean anomaly of the moon be 4%: 

 10* or 7820 her horizontal ſemidigmeter is 16 2.1”, ber horizontal para. 
- lax is 60 317 and her hourly motion 36 16. 

The uſe of the ſecend table is to ſhew how much the moon's ſemidiameter i 
increaſed by her coming nearer to the zenith, as was mentioned F 1041; the 
increaſe is ſer down for every three degrees of her altitude: at the top of the 
table, different apparent ſemidiameters of the moon when in the horizon ar: 
ſer down in minutes and ſeconds, the difference between any two that ar: 
neareſt to each other being half a minute: for the fake of regularity, there i; 
put down 14 30, this is lefy than the leaft horizontal ſemidiameter of the 

| „ preceding table is 14 45"; and for the ſame reaſon, 17 

is alſo put down, whereas the largeſt ſemidiamerer is no more than 16 49 
in the firſt table: the intermediate ſemidiameters here ſer down are 15 ©: 
15 30"; 16 07: 16 300. The given altitude of the moon being found in the 
firſt column on the left hand, on the ſame line, under each horizontal ſemi- 
diameter, is ſet down the reſpective increaſe to be added thereto in order to have 
the moon's apparent ſemidiamerer at that altitude: for example, ſuppoſe the 

altitude of the moon be 63 degrees, if her horizontal ſemidiameter at that 
time be 15 zo, the increaſe to be added is 14”; ſo that her ſemidiameter is then 
15 44": if her horizontal ſemidiameter be 16 30', the increaſe to be added 

is 16 fo that her ſemidiameter at the altitude of 63 degrees is 16 46”. 

The uſe of: the third table is to ſhew the parallax of the moon at any altitude, 

ber hexizontal parallax being given: for this purpoſe, different horizontal 
: parallaxes of the moon are ſer down at the top of the table, where we find 

indeed 54, leſs: than the leaſt ſet down in the firſt table, 54 33"; and 63, 

larger than the greateſt in the firſt table, 62 11”: this alſo is for the ſake of 


Since the firſt of theſe tables was printed off, Dy. Halley's aſtronomical tables were publiſhed ; theſ | 
ſhall hereafter make uſe of, as often as I have occaſion. | ; 
| a making 
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making the progreſſion from greateſt to leaſt ſomething regular: the interme- 
diate horizontal parallaxes of the moon namely 55: 56: 58: 60: br: 67: 
are alſo ſet down in the ſame line. To find the parallax of the moon at any 
altitude, let the altitude be taken in the firſt column on the left hand, then, 
on the ſame line, under the given horizontal parallax, will be found the pa- 
rallax for that altitude: thus, for example, if the moon's horizontal parallax 
be 55, her at the altitude of 1 5, is 5 7; if her horizontal paral- 
lax be 62, her parallax at the fame altitude of 15, is 39 52 
Aaditions to the preceding chapter. N 

1056 Some members of the R. Academy at Paris have endeavoured 7o 
account for the circle of pale light ſeen round the moon, in a total eclipſe of 
the ſun, without allowing the moon to have an atmoſphere: for this purpoſe 
the following experiments were tried by them: the image of the ſun coming 
through a ſmall hole into a dark room was received upon a circle of wood 
or metal, of a diameter a good deal larger than that of the ſun's image; then 
the ſhadow of this opake circle was caſt upon white paper, and there appeared 
round it on the paper a luminous circle, ſuch as that which furrounds the 
moon: the like experiment being made with a globe of wood, and with ano- 
ther of ſtone nor poliſhed, the ſhadows of theſe' caſt upon paper were 
ſurrounded with a paliſh light, moſt vivid near the ſhadows, and gradually 
more diluted at a diftance from them: and here they take notice that the lu- 
minous ring round the ſhadow of the moon caſt upon white paper in a dark 
room was ſeen by Wurzelbaur, in obſerving the total eclipſe of the ſun in 
1706, The ſame a ce was ſeen by holding an opake globe in the ſun, 
ſo as to cover his whole body from the eye; for, looking at it through 8 a 
alittle ſmoaked, to prevent the eye from being injured by the glare of light 
it would otherwiſe be expoſed to, the globe appeared furrounded by a light 
reſembling that round the moon, in a total eclipſe of the ſun: v. memorres 
4 Academie Royale pour I annee 1715. thus they ſolve this phenomenon in 
the moon by the inflection or diffraction as they call ir of the rays of light 
paſſing near an opake body, concerning which ſee the introdufion'$ 220. As for 
the ſmall ſtreaks of light which are ſeen to flaſh from the moon and ſuppoſed 
to be lightning, theſe they think may be explained by confidering fore of 
the cavities on the ſurface of the moon as ſo many concave mirrors'which all 
reflect the light of the ſun nearly towards the ſame point; that, as theſe are 
continually changing their ſituation with great velocity, by the moon's mo- 
tion from the ſun, the light which any one of them ſends to our eye is ſeen 
but for a moment: this ſolution, which does not ſeem to be @ very good = 

: „ wi 
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will ſerve only to account for the flaſhes of light ſeen near the edges of the 
moon's: diſk, where only we have any certainty of their having been obſer. 
ved: if any ſuch flaſhes ſhould be ſeen to come from the middle of the diſk, 

we muſt look upon them as proofs. of the moon having an atmoſphere. 
_ . » JOF7 Before we conclude theſe. ſpeculations about the atmoſphere of the 
moon, it may not be improper to mention, that, ſome French aſtronomer, 
obſerving through a teleſcope. an occultation of venus by the moon which 
happened june the 28, 1715, new ſtyle, in the day-time, perceived venus to 
change colour, when near the moon, for about a minute of time before ſhe 
was 3 they ſaw the like change of colour in venus immediately after 
ſhe came into view again from behind the moon; at both theſe times, the 
edge of the diſk of venus that was neareſt to the moon appeared of a reddiſh, 
the oppoſite edge that was fartheſt from the moon of a blewiſh colour. Thet: 
| appearances, which ſeem to favour the opinion of the moon having an atmo- 
ſphere, were thought to be owing to the obſervers directing the axes of 
their teleſcopes towards the moon; this would neceſſarily cauſe any planet 
or ſtar near the edge of the moon's diſk. to be ſeen through thoſe parts of the 
glaſſes that are near their circumferences, and conſequently to appear colour- 
ed: for every body who has made uſe of teleſcopes knows that a lens is a 
kind of circular priſm, and gives the priſmatic colours, to any objects that 
are ſeen through any part of ir that is diſtant from its axis: and therefore: 
Planet which ſhines with its own light, when ſeen in the center of the aper- 
ture of a teleſcope, will when at a diſtance from that center become colour- 
ed, in the ſame manner that venus was at the occultation juſt now mention- 
ed: accordingly, the ſame year 1715 july the 25, an occultation of jupiter by 
the moon was obſerved by the ſame aſtronomers who had ſeen venus change 
colour, and by divers others, who were particularly attentive to this circum- 
ſtance, and none of them was able to perceive any change of ſhape or colour 
in jupiter, whilſt they kept him in the middle of the teleſcope. Maraldi in 
his memaire upon this ſubject 27 juillet 1715, ſays that he had obſerved, be- 
fore this, two other occultations of yenus, and one of jupiter, and was always 
arcentive to ſer whether thoſe planets changed their figure or colour, either 
upon the approach of the moon to cover them, or at their firſt coming again 
into fight; and could never diſcover any ſuch change: that, in a great num- 
ber of occultations of fixt ſtars by the moon, he never could obſerve any 
change, except that once a fixt ſtar increaſed a little its diſtance from the moon, 
as it was going to be covered by her; but this he ſuſpected might be owing 
to his teleſcope being directed ſo as to have the tar ſecn too far from the 
middle of the apperture thereof: and concludes that all theſe obſervations 
confirm, 
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confirm, what almoſt all aſtronomers vho have made uſe of teleſcopes ac- 
knowledge, that the moon has no atmoſphere. He remarks farther, that at 
Montpellier, perhaps becauſe the air is clearer there than at London, the lu- 
minous ring round the moon appeared much larger than it did at London; 
that it was very white near the moon, and, gradually decreaſing in bright- 
neſs, formed round her a circular area of about 8 degrees in diameter: if ſays 
he, this light was cauſed by the atmoſphere of the moon, of what a prodigi- 
ous extent muſt that atmoſphere be? Dr. Pound obſerving the laſt mentioned 
occultation of jupiter could perceive no ny of . or an in thae 
planet. wo tran}. n. 347- PSY 7:98 TY 
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CHAP. 4. THE aner or ECLIPSES: THEIR RESTITUTION: 
SD s. : | 
1058 For the frequency of elit, neee I been 
can fall into the earth's ſhadow, only when ſhe is in oppoſition, 2, The moon f 
can caſt her ſhadow upon the earth, only when ſhe is in conjunction. 3, If the 
plane of the moon's orbit were coincident with the plane of the ecliptic, ſhe 
would ſuffer a central eclipſe every full moon; and would cauſe a central e- 
clipſe of the ſun, every new moon. 4, Since the plane of the moon's orbit 
makes an angle of about 5 with the plane of the ecliptic, the moon may of- 
ten be in oppoſition, when ſhe is farther from her neareſt node than her e- 
cliptic limits reach; and then ſhe will have latitude enough to eſcape being e- 
clipſed by the ſhadow of the earth. 5,In like manner, the moon may often be 
in conjunction, when ſhe is farther from her neareſt node than the ſolar ecliptic 
limits reach; and then her latitude will be fo great, that her penumbra will 
not fall upon the earth, and conſequently will not cauſe any eclipſe of the 
ſun. 6, Since eclipſes can happen only in ſuch conjunctions or oppoſitions as 
fall out when the moon is in or near one of her nodes, the fan muſt 'always 
be in conjunction or nearly ſo with one of the nodes, at the time of every e- 
clipſe of the ſun or moon. 7, If the orbit of the moon continued always paral- 
lel to it ſelf, the line of nodes continued would always be terminated iu the 
ſame two oppoſite points of the ecliptic; and then the ſun would always be 
in the line of nodes at the fame times of the year: thus, if one node mo 
moon continued invariably in the point Y, the other in the point , the 
ſun would be in conjunction with the nodes exaQly at the mes of the two 
equinoxes, and at thoſe times only. 8, The times when the ſun is in conjunction 
ccc 
ies 
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_ eclifſes for that year; for at thoſe times only, or within a few days before ot 
after thoſe times, can the ſun or moon be eclipſed, that year. , The orbit of 
the moon is not carried parallel to it ſelf, as was ſhewn 8 961 and 963; but 
in ſuch a manner that the nodes have a flow motion contrary to the order of the 
ſigns, ſo as to go round the ecliptic in about 19 years: this motion is at the 
rate of about 19 degrees in a year, and is the cauſe that the ſun comes every 
year about 19 or 20 days ſooner to his conjunction with each node, and con- 

| „ each of the ſeaſons for eclipſes comes in 19 or 20 days ſooner, than 
in the year immediately preceding: thus, fuppoſe the moon's aſcending node 
N were, on the roth of march this preſent year in the point V, her deſcending 

node 9 in the point =, the middle of the firſt ſeaſon of eclipſes would thi 
year be on the rr mans; the time of the middle of the next ſeaſon of 
eclipſcs would be about the ad of ſeptember, about 10 days before the ſun 
gets to =; becauſe the nodes will; in the intermediate time, have gone back 
near 10 degrees. In the next year, & will be gone ſo much back, that the 
fun will be in conjunction with it in the 12th degree of , about the 18th 
day of february, which will be the middle of the farſt ſeaſon of eclipſes tha 
year; the middle of the next ſeaſon will be about the 13th of auguſt, when 
the ſun will be in conjunction with & near the beginni of u, &c. 10 
The mean motion of the moon from her node is 13 1; 46 in a day, 
fo much more than her periodical motion, given 5 958, as the retrograde mo- 
tion of her nodes in a day amounts to. v. Hallbi tab. The moon then paſſa 
from one node to the other in 13d 14h 32 48: which is 14 3h 4 13 leſi 
than the time of a mean ſerailunation, wherein the moon paſſes from one ſj- 
27 to another: in that 1d 3h 49 13. the moon motion from her node is 14 
with a few minutes and ſeconds, 11, Hence we may ſay in if the 
diſtance of any ſyaygy from the node be given, the diſtance of the two ad- 
3 be known; thus if a given ſyzygy is in either of the 
nodes the preceding fyzygy and that immediately following will 
be about. 14* from che aiber node: on the ocher band, IF given fyaygy is 
bout 14 from. either of the nodes, one of the adjoyning ſyzygies, either that 
icamedietaly preceding; or that immediately following, will be in the oppoſite 
node, ar very near it. To apply this to eclipſes, — 1,1f a given new moon be in 
&, there will be a central ſolar eclipſe, but the full moon. immediately pre- 
ceding, and war Famnadacely following, will eſcape; being eclipſed, — 
14 from. 9, and eqnſeq without the lunar limits, which are not more 
than 11* 16, $ 1019.2, a given, new moon when the moon it 
about 14 from d, one of the adiayaing full moons mult be eclipſed in 5, 
c 8, each of the adjoyning neu 
moons 
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moons is about 14 from &, and therefore the fun will be twice eclipſed, be- 
cauſe the ſolar ecliptic limits exceed 14, $ 1055: but theſe eclipſes of the ſun 
muſt be very ſmall, by reaſon of the great diſtance of the moon from her 
node.— 4, If a given full moon be about 14 from 9, one of the adjoyning 
new moons mult be in or neat 8, and cauſe a central ecliple of the fun, foe 
nearly central. 

The number of the eclipſes of both luminaries, in one year, FE Fr 
than 2, nor more than 7: the moſt uſual number is 4. There may be 2 e- 
clipſes of the ſun and 2 of the moon in 6 lunar months. There may be 2 of 
the ſun, and ſometimes, though rarely, 2 of the moon in/gmonths: qui ou vult - 
buc ſpeftantia, adeat Ricciol. Almag. lib. 5. cap. 14. & Tacguer Ar. I. 4. eig. 

1059 Since the ecliptic limits of the ſun are greater than. thoſe of the moon, 
general eclipſes of the fun muſt be more frequent than eclipſes of tbe mn. 
Sinceevery eclipſe of the moon is viſible to an entire hemiſphere of the earth, 
whereas, the moon's penumbra, being leſs chan the diſk of the earth; can 
paſs over only a part, and ſomerimes paſſes over a very ſmall part of an he- 
miſphere of the earth; eclipſes of the moon will be more frequently *vifable in 
any given place, as Cambridge, than eclipſes of the ſun. Since both" the ſo- 
lar and lunar ecliptic limits are near the moon's nodes, eclipſes can 
only in thoſe ſyzygies which fall out when the moon is in one of ber nodes, 
or ſo near one of them as to be within the ecliptic limits: thus, an eelipſe of 
the moon can happen only when ſhe is in oppoſition, ſo near one of her 
nodes as to be within the greateſt lunar ecliptic limit of 11. x6, & 01% he 
ſun can be eclipſed only when the moon in conjunction is ſo near one of ber 
nodes as to be within the greateſt ſolar ecliptic limit of 17 34, C 103% 

1060 The reftitution of eclipfes, to the ſame ſtate, us to the time Gf your, 
quantity, duration, Cc. gr. aToxa]arucy, depends upon the return of che ſol- 
lowing elements to the ſame ſtate; 1, The ſun's' place in che 
ecliptic. 2, The moon's place in the zodiac. 3, The place of the moon's ap- 
gee in the zodiac. 4, The place of the moon's-afcending node. 'The'motions 
of the moon and the motion of the ſun are firialy ſpeaking-incom- 
menſurable; and therefore the exact reſtitution of all theſe elemerits t the 
lame ſtate, is not to be expected: but they all return ſo nearly to the ſame 
ſtate in 18 years 11 days 7 hours 43 minutes and 20 ſeconds, as to produce 
eclipſes remarkably correſponding, though not in all points fimnilar to thoſe 
n lunar months 
was known to. the ancients. TRY och I CR an 
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Dr. Halleythought it of ſo great uſe for finding the return of eclipſes, that he 
many years ago, under this title, Saros ® five eclipium f Chaldaica cur. 
rettis:ſeculi prima, publiſhed an half ſheet containing a ſeries of all the eclip- 
ſes of both the ſun and moon, many of them corrected by obſervations, fi 
18 years then paſt, beginning with the year 1701, andending with 1718; to 
gether with the following elements: 1, the apparent time of che middle oi 
eaeh-cclipſe,. 2;'the anomaly-of the ſun, 3, the anomaly of the moon, 4, the 
latitude of the moon. He ſays that in this period of 223 lunations there are 
18 years, 10 or rx daysb, 7 hours, 43 l; that, if we add this time to the mid 
dle of any eclipſe obſerved, we-ſhall Have the return of a-correſponding e 
_ clipſe (that is the middle time of it) ſo near the truth, that the error will ne 
ver amount to ſo much as an hour and half: and that, by the help of fone 
equations or ſmall. numbers to be added or ſubſtracted, we may find the like 
ſeries of eclipſes for ſeveral ſubſequent periods: He ſays lewis that he ha 
then made a table of thoſe equations to every 10 degrees of the; anomalies 
but intended a more compleat one. In his tables now publiſhed, in the ſhee 
Pp we have this ſeries reprinted, with equations for every 5 degrees of the 
ſan's mean va and of the annual argument of the moon's apogees®, with 
the omiſſion oniy of g ſolar eclipſes, 4 of which are very ſmall. ones, and 1 
le only near the poles. The proper uſe of it is from obſervations of the 
-eatipſes of any given period of 18-years paſt to know nearly the times of ary 
eellpſes of the ſubſequent period, which one has a mind to calculate. Tie 
perſon Who publiſhed Halley's tables ſays in his preface that, as he had give 
us Pound's tables of the lunar periods which are exceedingly, uſeful in calcy 
lating eclipſes, he has omitted this ſeries, as not perfectly exact, and being 
of liccle-uſe. after. a few periods; however, I find it in my copy, and in anc 
ther that I have ſeen; I ſuppoſe, upon farther conſideration, he did not think 
Proper to ſuppreſs any part of what ſo great an author had prepared for ti 
| public. S157 B0 tit 11:22 OH NED; 85.2; * 
ang fi- uſe of eclipſe in gftronomy is this, that. by two lunar eclipſes, alk 
in all circumſtances, hut very far diſtant from each other in time, the period 
of ho moon's rem motions may be. accurately determined. By eclipſes al 
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—— al drgument of the m apogee / thus, if when the ſun's place is in 28 of V tit 
f V, the annual argument of the moon's apogee is then ſaid to be 28*. er 
annual argument of the moon's aſcen node is after the ſame manner: lee of 
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alſo, eſpecially lunar ones, the epochs of the moon's mean motion are fixed; 
the exoentricity of her orbit, the places of her apogee and of her nodes are 
found, with greater exactneſs than by any other obſervations: by obſervati- 
ons of the moon made at different times it is found that ſhe is ſubje& to few- 
er irregularities, in her motion when in ſyzygy than in any other ſituation: 
among the ſyzygies thoſe which are ecliptical are of all others ſubject to the 
leaſt irregularity, becauſe the ſun is then in or near to the line of nodes, and 
gives the leaſt diſturbance to the moon's motion: in a ſolar eclipſe the moan's 
parallax muſt be taken into the account, in order to find her place; but, the 
moon being in oppoſition-at the middle of a lunar eclipſe, her place is then, 
without conſidering her parallax, deducible from the ſun's » place; ae 
one of thoſe things that are beſt known in aſtronomy. | 8 
1062 The epoch called by ſome the radix or root che eee 
is ſome: point of mean time in a given meridian at which the mean 
place of the planet in its orbit is known: according to ſome writers, the e- 
poch of the mean motion of a planet is ſome point of its orbit wherein the 
planet is, at ſome known moment of mean time, in a given meridian: the 
word, in greek epoche, ſignifies a ſtop; as time is in a continual flux, and the 
motion of every one of the heavenly bodies round its orbit, is in a:continual 
progreſſion,” it is neceſſary to fix upon ſome moment of time, and ſome point 
in the orbit, for a beginning from whence we are to meaſure, either forward 
or backward, what the mean motion of a planet is, during any known inter- 
val of time, in order to find what its longitude is at any time required: thus 
Newton ® takes the noon of the laſt day of december A. D. 1700 at the R. 
Obſervatory at Greenwich, for an epoch, at which time, he gives vs (I ſup- 
poſe from Flamſteed s obſervations,) the mean place of the ſun, or his place 
according to his mean motion h 20 43 40“, che mean place af his apogee 
S 7 44 30, the mean place of the moon æ 15 200 00), of -her\apogee 
* 8 2d oo, of her aſcending node i 25724 200: this epoch is made uſe 
of in Halley's tables. How an U — en 1 
in the remarks, & 1070. F A en 
1063 The mean Aries cn plans ie ch 8s in wall, Mesure genen ; 
ved equably in a circle round the ſun: tbe mean motion of the moon is ſuch as 
ſhe would have if ſhe moved equably in a circle round the earth: this 
ble motion is ſuppoſed, in order to facilitate the calculations which are made 
to find their places, at any given time; for, the mean place of a planet being 
found at any time, aſtronomers teach how to find its true place for chat time; 
in a ſhort way of b e EY _ —— b IIIING: | 
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in e planet would be found if ins motion were mean or equable, its mean 
motion: thus, in Halley's tables, by the epochs of the mean motion of the 
fun and moon, of their apogees &c, is meant the places where theſe would 
be at the times there mentioned, if their motion were equable: that the ſun 
is in one of the focuſes of the elliptic orbit of every planet, and that a line 
drawn from the fon to the periphery of the orbit deſcribes equal areas in e- 
qual times, has been before mentioned, F 669, 67 1: if the other focus where. 
in the ſun is not be conſidered as the center of a planets motion, a line drawn 
from that focus to the planet will deſcribe nearly equal angles in equal times; 
for which reaſon, ſome aſtronomers call that point the center of the planer 
mean or equable mation: ſee this ſubje& largely treated of by Keill, in his 22, 
23 and 24 aſtronomical lectures. 

1064 The ufe of epochs is beſt ſeen by an example: ler-it be required to fr 
the mean place- of the moon for any given moment of time; find in the ta- 
bles what the mean motion of the moon is during the interval of time 
between the moment given and the epoch, and if the moment given be 
after the epoch, add that mean motion to the moon's place at the time of 
the epoch; if the moment given preceeds the epoch, ſubtract the mean mo- 
tion from the moon's place at the time of the epoch, and you will have the 
mean place of the moon at the time required: thus, if I would have the 
moon's mean place january the 200 1749 at 12h; the interval between that 
time and the epoch dec. 31, 1700 is 48 years 20 days 12h, during which, by 
Halley's tables, the: moon's mean motion is 5. 8? 40 46'; that is, caſting awy 
all entire revolutions in her orbit, the moon's mean place during that inter- 
val, in ſo much-advanced forward according to the order of the figns from 
_ = #5* 20her mean place at the epoch: add 587 4 46" t 15 20, and 
the moon's mean place 1749 jan. 20% 1ab, comes out 24 & 460. 

- Scholmum. If the mean place of a planet at a given time in a given meridi 
82 it is eaſy to find its mean place for a given time in any other 
meridian, che difference B Rane between thoſe two e 
known: fee 5333. 

1065 De uſe of etlipſes ni geoghrajhy; is 00:diſcover * different Jangitud: 
of diſterent places, ſor which lunar eclipſes are moſt uſeful: this way howe- 
ver is liable to ſome ſmall inaccuracy, even with teleſcopes, becauſe of the 

of di with them exactly the ſhadow of the earth from 
the penumbra: ſee 9 998. Flamſteed in his doctrine of the ſphere pag. 60. & 
Gaffini; Hi. d Acud. ann. 1707, teach how the longitude may be found bj 
obſetvi ing the beginning or end of a ſolar eclipſe, but this requires the know. 


ledge of the moon's parallax, and _ computation beſides: ſee Keill's 14th 
aſtronomical lecture. 2 1060 
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1066 The uſe of eclipſe in chronology, MPO eee Ye F1G. 


event: for there are ſo many particulars obſervable in every eclip ſe; as the 
time of the day, the place where viſible, the quantity of the eclipſe? Sc, that 
it is hardly poſſible two eclipſes ſhould happen within che compaſs of many 
years exactly alike in all circumſtances: if therefore any paſt eclipſe be record- 
ed in hiſtory, with ſome of thoſe circumſtances, it may be computed hour long 
ago it happened, Wl Art ty ig ney me” 3 N 
remarks. 0d in. 4 
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1067' To find: ares. 9" by a-lunar exlijdorabadaie cares * 
0 lunar eclipſe, by obſerving the beginning and end thereof; or 
rwo times when the eclipſe is of the ſame quantity, one a little aſter the be- 
ginn ing, the other a little before the end of the eclipſe: calculate for that mo- 
ment the ſun's place, oppoſite to which is the place of the center of the earth s 
ſhadow; as is alſo the place of the moon, if tlie eclipſe be central: if the e- 
clipſe be not central, take the diſtance of the center of the ſhadow from the 
node, which is meaſurtd by the arc of the ecliptic xc, fig. 58, now im the 58 
{pherical triangle x A rightangled at A, the hypotenuſe c being knomn, 
and the angle CA given 5 17 10 19; the are Ax the diſtance of che mi 
from her node meaſured in her orbit may be found. Draw AB, in the trian- 
gle AB E rightangled at B, the hypotenuſe A E and the anglers EN, known; 
from whence; the arc AB the moon's latitude, and the arc ꝝ B the diſtance of 
the moon from her node reduced to the ecliptic may be found: this are E B 
muſt be ſubtracted from the true place of the moon s node, hen it is farther 
advanced according to the order of the ſigns than che center of rhe-ſhadow, 
and muſt be added thereto, when it is leſs advanced chan the center of the 
ſhadow, and werdlinitheve-the true place of the moon reduced to the ecliptic. 
1068 To find the mean motion of the moon: the true places of the moan be- 
N $1067, we have the apparent moti- 
on of the moon during the interval between thoſe moments: this apparent mo- 
tion of che moon is mean or equable, hen the moon is in the ſame ſituation 
with regard to her apogee or perigee at both thoſe moments. In order to deter- 
mine the mean motion of the moon accurately, two ecli pſes of the moon ve- 
ry diſtant from one another in time are to be compared together; that ſo the 
different inequalities of the moon's motion and the errors of obſervation; be- 
ing divided among a great number of her revolutions, protons: _ 
error in the determination of tlie moon's mean motion 
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C. 6. to have been obſerved by the Chaldeans been 720 years before the 
pirth of our Saviour; the middle of this eclipſe, reducing the time to the me- 
ridian of Paris, was at öh 48, march the 19 N. S. calculating the ſun's place, 
he finds thereby the moon's place to be 5 1 27 : he compares this with a 
lunar eclipſe obſerved at Paris ſept. 20th 1717, the middle whereof was at 60 
2 when the moon's place, being oppoſite to the ſun, was 11.27 34. The 
interval of time between theſe two eclipſes is 2437 years and 174 days, want- 
ing 46 minutes; of theſe years 609 are biſſextile, the number of days is then 
890288 wanting 46 minutes; during which interval the moon had made a 
certain number of revolutions, and was advanced befides in her orbit 6 6* 7, 
In ſo long an interval of time, wherein the moon goes round in her orbit 
above 3ooo0 times, a miſtake of one revolution might eaſily be made; for 
each revolution is compleated. in leſs than 40000 minutes; ſo. that reckoning 
one revolution too much or too little would cauſe an error of only one mi- 
nute and a few ſeconds in the time of an entire revolution of the moon round 
the zodiac. In order to avoid ſuch miſtake, the abovementioned author exa- 
mined ſame pairs of eclipſes that had a much ſhorter interval between, ſo ſhort 
. moon's revolutions during the ſame may be known 
wich certainty: chus, he conſidered an eclipſe of the moon the middle where- 
oß happened the - of ſeptember 1718 at 8h 4, when the fun's true place 
was 5516 40, with another echipſe the middle whereof was obſerved at 8) 
32-auguſt the 2900 17 19, when the place of the ſun was 55 5 47. + There 
are in chis interval 3 54 7s and 18 minutes, during — moon made 
13 revolutions: wanting 10* 5 : this is at the rate of 274 yh 6: each revolu- 
tion of the moon, round the zodiac: this laſt number of days & eee 
uſe of to compare eclipſes at a greater diſtance from each other. 
Thus, comparing an eclipſe of march the 1 5h 1699 at — when 
the ſun's place /was/23* 25*30 with one of march the ah 11917 at 3Þ 16 in 
the morning, When the ſun's place Was 0*.6* a1, he finds the interval be- 
tween is 18 years, 4 of which are biſſextile, and 1 14 7 herein the 


moon, beſides a certain number of entire revolutions, is advanced 100.51 if 


we reduce this interval which contains 658 g 7h 5 into minutes, and di- 
. vide thoſe minutes by the number of minutes contained in 27d h G, the time 
of one revolution of the moon, the quotient will be 241 with a fraction of 
about ; which ſhews that during the interval the moon had gone chrough 
241 revolutions, or 241 times 360%, and an are of her orbit of 10 5: re- 
duce thoſe 241 revolutions with the arc of 1005 into minutes of a degree, 
and then ſay, by the golden rule, as the number of minutes of a degree in the 
moon's way during che interval, _ number of ſeconds. of time in the i a 
ES rery 
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terval, ſo is the number of minutes in '360* to a fourth number, namely the Foe 


ſeconds of time wherein the moon makes one revolution round the zodiac; 
this will bring out 274 7h 4.5 6”, which gives us more exactly the mean re- 
volution of the moon; and chis we may make uſe of in comparing eclipſes 
with greater intervals between them, in order to arrive at ſtill DAG e, 
neſs. 
It has bees aids ſaid chat — 4 elipha.co che —— Sen 320 
before Chriſt and that on the 20 of ſeptember A. D. 17 17 there was 
an interval of 890288 days wanting 46 minutes; if this be divided by 274 7h 
4 &, there will come out 32 585 revolutions and a little above half a revo- 
lution, which half anſwers to 65 6* 12, the difference hetween the places of 
the ſun at the middle of theſe two eclipſes if therefore we ſay as the mi- 
nutes in 32585 revolutions with 67 12 to the ſeconds in 890288 days want- 
ing 46 minutes, ſo are the minutes in 3600 to a fourth number, this will 
bring out the mean revolution of the moon 274 7h 44 5"; which is the moſt 
exact that can be had, being deduced from 2 eclipſes very far diſtant in time 
from each other: and differs but one ſecond from don was computed be- 
fore, The ſame quantity is brought out by Caſſini, from the interval between 
an eclipſe of march the 19th in the year 199 before Chriſt and that before 
mentioned upon the 19® of march 720 years before Chriſt, as alſo from the 
interval between the Aan en 199 ee e . e 
ber the 20th. A. D. 1717. 1 n 
1069 The time of a mean revolution of the moon being ahne MEAS 
mean motion of the moon in a day or an hour or a minute is cafily found. 
by the golden rule: thus, eg; 5 to 3600, ſo is 1 day to 13˙ 10 37 
the mean daily mation of the moon: if 13 100 35" be divided by a hr arandourdy 
motion of the moon will. appear to be 32 50 2%: if 32 56⁰ 2 be divided 
by 60, we ſhall have the moon's mean motion fur a minute 32. 5. Again, if 
we multiply the moon's daily motion 13510 35 by 365, the number of 
days in a common year, we ſhall have the moon's mean motion in a common 
year: in like manner, may the mean motion of the moon be found ſor hun- 
dreds or thouſands of years, in order to conſtruct tables of the moonꝭs mean 
motion. 80 Caſini; but by this way ſmall errors multiplied may become 
oonſiderable: it, is better to uſe the method preſcribed in the foregoing ſecti- 
on, and ſay as the interval of time between two eclipſes at a great diſtance 
from each other to the moon's mean motion during that interval; ſo is any 
other interval of 50, 100, or 1006s. th: W eee thoſe 
Nene #7 2 DBM mo. 1460p ls (2 131, 21324 Ne N 
ee 1 has beſore era ſaid that de moondoes ner move equably in: her 
orbit, 
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FIG. orbit, but is ſwifteſt in perigee, ſloweſt in apogee with a mean motion at her 
mean diſtances; this difference in the moon's motion is called by ſome aſtro. 
nomers her firſt inequality. Jo determine an epoch of the moon's mean motion, 
tbe place of ber apogee, and ber firft inequality : for this purpoſe, a great number 
of lunar eclipſes are to be compared together in the following manner; take 
the interval of mean time between two eclipſes, which according to the 
order of time may be called the firſt and ſecond, and find in the table of the 
moon's'mean motion the number of figns degrees minutes and ſeconds which 
anſwer to that interval: add theſe to the moon's true place in the firſt of theſe 

 eclipſes, or ſubtract them from the moon's place in the ſecond eclipſe, ani 
note how much the moon's place at each eclipſe, by thus calculating it, come; 

aut different from her true place found by che ſun's place: repeat the oper: 
, tion with a good number of other eclipſes, comparing them with the firſt e. 
| clipſe, and mark thoſe where the difference between the moon's true place 
and her place thus calculated is greateſt both in exceſs and in defect; if the 
| defect and greateſt exceſs be equal, it is a proof that the moon at the 
time of the firſt eclipſe was in her perigee or apogee, and that her mean plac: 
was then the ſame with her true place: in which caſe, each of theſe differen- 
ces is the greateſt equation of the moon in ſyzygy, that is the greateſt quantiij 
that is ever to be added to or ſubtracted from her mean place in order to ds 
Termine ber true place in ſyzygy: if the greateſt defect and exceſs be not e- 
qual, half the ſum of them will meaſure the greateſt equation of the moon 
7 of the moon we ſubtract the leaſt of the 
differences, we ſhall a equation of the moon at the time of the firſt 
eclipſe; and this being added to or ſubtracted from the true place of the 
inan will give the mean plaor of the moon at that time. „ 
59 To determine the place of the moon's apogee : in fig. 59 let anr be the or 
bit of the moon, A her apogee, -y her perigee, c the center of her elliptic 
orbit, T the place of the earth, F the other focus, or center of the moon's 
mean motion: we may, by means of the greateſt equation T'3 v, find out thr 
moon's excentricity; that is, what ratio c has to ac the ſemiaxis of the el 
{lipfis an: this being found, draw out TR to M, making TM equal to Af, 
joyn N, and ſay as TF to TM or AP, ſo is the fine of the angle 1 M which 
by Eucl. 1. 5 & 32 is the half of Rx the equation of the moon at the time 
of the firſt eclipſe to the fine. of the angle 11M or Ar NM: from Ay NM thus 
found ſubtract 1M r, the remainder A r R meaſures the moon 8 yas xn from 
e e eee 0 
Example. Let the firſt eclipſe be a total lunar one + the middle whereof w 
| dee. * 10" mean time at Paris, when 2 
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of thoſe only are here related wherein the greateſt difference was found be- 


1720 there was a total eclipſe on the 16 of may 1696, the middle whereof 
was at 12h 7 56' mean time at Paris, between this and the firſt eclipſe dec. 
zoth 1685 there was an interval of 10 years, 3 of them biſſextile, 157% 15 
29 46', in which time the mean motion of the moon is 5* 12" f 10, this 
added to 2* 19? 40 of the true place of the moon at the firſt eclipſe gives her 
place 8* 2 33/ 100: whereas the moon's true place at the ſecond eclipſe was 
75 20 53 35 the difference between theſe two places is 5 39 35'. The 
next eclipſe compared was of the year 1699 march the 1 th the middle here · 
of was at 7h 14 mean time at Paris: between this and the firſt eclipſe of 
dec. 10h 1685 the interval was 13 years 94d 20h 35 50", the mean motion 
that anſwers to this is 3* 1 24 4%, which added to the true place of the moon 


moon in the eclipſe of 1696 falls ſhort of the place calculated 5 39 35. A8 


ſhew the greateſt difference in exceſs and defect between the calculated and the 
true place of the moon, thoſe differences are to be added together, the ſum 
whereof is 10 3 29, the half of this 5* f 447 is the moon's greateſt equa- 


taken from 25 19* 40 O the true place of the moon at that time, we ſhall 
have the mean place, dec. 10th 168 5 at 10h 38 10, 2* 19 4 10"; which 
may be taken for an epoch of the mean motion of the moon. The greateſt 


will be 2* 30 5275 ſay then, as the whole ſine is to the fine of the angle 130 
of 2* 30 5275, ſo is TB; or AC 100000 to cr; which comes out 4387, for the 
moon's excentricity: thus, we find that, if the mean diſtance of the moon 
from the earth were divided into 100000 equal parts, the excentricity of th 


moon's equation at the time of the eclipſe of 168 5, to the fine of TEM ar 
AFM; which angle will be found 7* 12 24': take from this I N of 18 55%, 


at that time: add this to the true place of the moon, which was then in 19 


in 19% 40 O of N: this was compared with other ſubſequent eclipſes, wheres #16. 
tween the true and mean place of the moon. Between the years 1685 and _ 


at the firſt eclipſe of dec. 10 1685 gives 5* 21* 4 57", now the moon's true 
place at the middle of the eclipſe of march the 15 1699 was 5* 25* 28 41", . 
which exceeds the place calculated 4 23 54'; whereas the true place of the 


in all the eclipſes between the years 168 5 and 1720 thoſe of 1696 and 1699 


tion. If from 5? 1 44 we take the leſs difference 4 23 54" we ſhall have © 
the firſt equation of the moon at the eclipſe of 1685, o 37 50˙, this being 


equation of the moon being determined 5* r 44 2, in fig. 59 the angle TBc 5% | 


moon would be 4.387 of thoſe parts. Again, ſay as T which is 8774 is 
TM Or AP, which is 200000; ſo is the fine of Nr or o 18 55", half the . 
there remains A T R of 6* 53 29', the diſtance of the moon from her apogee 


40 o of U, and we have the place of ber apogee, on the 100 of december 
1685, at 10h 38 10' in the evening, in 26* 33 29 of 0. Ins 


8 che ſyzygies the equations of the moon are equal at equal diſtances from het 


found, by the method taught in the foregoing ſection, it will appear not to 
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514 M the concluſions drawn from all theſe operations it is ſuppoſed that, in 


apogee on either fide thereof, and that, in fo great a number of obſervations 
as have for this purpoſe been made uſe of, ſome of them have happened to 
be made at a time when the moon was at her mean diſtances, when the equa. 
tion is greateſt of all; and no other inequalities of the moon have been her: 
conſidered but ſuch as are owing to the excentricity of her orbit, and the in. 
equality of motion ariſing from that excentricity, whereof mention was mad: 
$952. We ſhall hereafter ſee that the moon has ſome other ſmall inequalities 
which are cauſed by the different diſtances of the yaa of the moon and 
| earth from the ſun. | 
10% The foregoing example is ſufficient to ew the method of finding 
the mean place of the moon, and the place of her apogee, in order to ſettle 
an n epoch of them; as alſo to determin the firſt inequality, or the greateſt e- 
quation of the moon in ſyzygy: but, as all obſervations made uſe of forthi 
purpoſe are liable to ſmall errors, the way to come at the greateſt exactneſ 
poſſible in this and many other caſes in aſtronomy is to compare a great num- 
ber of obſervations together, and take the mean which reſults from them al] 
as neareſt to the truth: this Caſſini tells us he has done with regard to the 
ſubje& before us, and from ſuch compariſon he concludes that, on the 10th 
of dec. 1685 at 10h 38 10) in the evening, the mean longitude of the moon 
was 25 19? 8 555 the place of her apogee 2* 24 32, and her greateſt equz- 
tion in ſyzygy 4* 58 44: which Dee are a little different from thoſ 
mentioned in the example. 
10% To find the motion of the moon's e if the place of the moon's - 
pogee at the times of different eclipſes diſtant ſome years from each other be 


be fixt, but to be at different times in different parts of the zodiac. The 
place of the moon's apogee on the 1oth of december 1685 at 10h 38 wa 
ſettled in 24 32 of u, 5 1071: in the eclipſe of the moon obſerved at Pa 
Tis may the 16th 1696 at 12h 12, the true place of the moon was 26* 53 35 
of m, if we ſuppoſe the place of the apogee to be fixt in 24* 32 of U, the 
moon's true anomaly at that time will come out 5˙ 2 21 35, which wool 
bring out the equation of the moon's orbit but 2 14 39', whereas it appear 
by the calculations in & 1070, that it was about 5: ſo that, ſuppoſing the a. 
pogee fixt, the equation which anſwered to the moon's anomaly does not gie 
her true place; an evident proof that the apogee had changed its ſituation. 

In the orbit of the moon (the ſame may be ſaid of the orbit of every ple 
a whatever the Ex rigs is in gg one point, there are three other boy 
2  whi 
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CHAP. 5. ASTRONOMY 


are taken on different ſides of the mean diſtance, and in that part of the or- 
bit wherein the moon paſſes from apogee to perigee, the equation is ſub- 
tractive: that is muſt be ſubtracted from the mean place of the moon in or- 
der to find her true place: in the other two. points which are taken on diffe- 
rent ſides of the mean diſtance, in that part of her orbit wherein the.moon 


goes from perigee to apogee, the equations are additive: chat is muſt be added 
to the mean place of the moon in order to find her true 


in the ſphere of the heaven deſcribed $950, AB Op & the orbit of the moon 
wherein ſhe is carried round according to the order of the letters, let r be the 
earth, P the center of the moon's mean motion, A the moon's apogee, o her 
perigee, p and K the places of her mean diſtance: when the moon is at 4 
her true and mean place are the ſame, namely at a; for v A and TA are co- 


incident, and terminate in a: at A alſo the motion of the moon is the ſow- 


eſt that ever it is, and conſequently her true motion is then moſt of all en- 
ceeded in velocity by her mean motion: as ſhe goes from A towards d-her 


true motion is continually accelerated, but does not become equal to her mean 


motion till ſhe arrives at o, her mean diſtance: now, whilſt her true motion 
continues ſlower than her mean, the true place of the moon muſt be conti- 
nually more and more behind her mean place; becauſe, though the excels. of 


ſtill exceſs, and the continual addition of that diminiſhing exceſs increaſes 
every moment the diſtance of the mean place from the true: at p therefores 


will that diſtance be greateſt, and the greateſt ſubtractive equation will be 
there, that is, the mean place of the moon will there be fartheſt advanced be- 
fore the true place; and therefore, the greateſt are xs mult be ſubtracted from 


on from p to 6, her true motion begins to exceed her mean motion, and; be- 
ing continually accelerated, the exceſs of the true motion above the mean 


ces nearer every moment to her mean place, and the equation grows gradu- 


to G or from ; g & are coincident, ene At + 
the moon is carried with her greateſt velocity, and therefore het true moti- 

on there moſt of all exceeds her mean: as the goes from d to her mean di- 
ſtance at K, hef fue motion is continually retarded, but is notwithſtandingall - 
the while lic ker than her mean, „ neee | 
31 | — 


which have an equation equal to it: but hen i rv of chlo poi which pic. 


In fig. 60, . tepenlontthe — 6 


her mean motion above the true is growing gradually leſs and leſs," yet it is 5 8 


the mean place x, in order to determin the true place. As the. moon goes * 


continually increaſes, and, conſequently, the true place of the moon advan- 8 


ally leſs and leſs, till ſhe arrives at o, where the equation vaniſhes, and be 
vue and mean; place are the ſame; namely at g: for the lines drawn fromT + 
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vic nually advancing farther before her mean place: ſo that at & the true plac 
olf the moon will be fartheſt of all advanced before her mean place, and the 
greateſt additive equation will be there; that is, there the greateſt arc i muſt 
be added to the moon's mean place at i, in order to find her true place ar | 
As the moon goes from k towards 4, the exceſs of the true above the mea 
| motion continues, but grows continually leſs and leſs, ſo that the equatio 
diminiſhes; till the moon arrives at A, where the . vr ds 
9 8 and the true and mean place are again the ſame. _ 

60 In the figure before us, whatever the equation be at any given point in 
the orbit of the moon as at c, the other three points, which are in the circum- 
Ference' of the ellipſis at the ſame diſtance from the points of mean diſtance, 
as 2, 1, and L have the ſame equation in quantity; but in e and x the eque 
tion is ſubtractive, in 1 and 1 additive: the ſame may be ſaid of any other 

eee equidiſtant from the points of mean diſtance, as B, r, k, M 
Immediately before che eclipſe of 1685 when the place of the moon's apo 
n Found w be in 24 32 of 1, & 1071, there was a lunar eclipſe de 
dernber the'21 1684: by comparing the interval between theſe two eclipſe 
_ with the mean motion of the moon during the time of it, the moon's equi 
"I tion ar the latter of them comes out 3* 44 F, ſo much the moon's mean plac 
was advanced before her true place, which ſhews the was then going fron 
apogee towards perigee. A (GEE two points in that half of her orbits 
which this equation of 35 44 r correſponds, 1* 20" , and 4 13 44, if me 
ſobtract the firſt of theſe 1* 20 54 from the moon's mean place dec. 2 1,168 
aut 10h 55 58˙, determined to be 3* 4* 52 15 che place of her apogee cos 
out V 13 58; the difference berween this and the place of the moon's apo 
| gee dec. 10 1685 is 1* 10 34; this meaſures the motion of the apogee i 
the ſpace of 354 days wanting 17 44", which gives the daily motion there- 
pe 52, and the entire revolution of it 8 years and almoſt ꝙ months: if ue 
2 - _ ſuberattheſecond place of 45 13* 44 from the moon's place dec. 2 16 1684, 
| 4ã2ltLẽ's before determined, it will bring out the time of an entire revolution of the 
midon's apogee about 3 years, very different from the former determination, 
As theſe two obſervations alone are not ſufficient to determin which of the 
two periods 3 years or 8 years and almoſt 9 months is neareſt the truth, it i 
nebeſſary to compare them with other obſervations made nearly within the 
ſame interval of time: accordingly, another eclipſe of nov. 29th 1686 ws 
compared with that dec. roth · 168 5, in the ſame manner as the eclipſe of 1684 
was and the motion of the apogee found by one of the two points to which 
the equation correſponds comes out near that of 8 years and almoſt ꝙ month; 
2 * the other point to which * brings out the 
motion 


@, © 
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motion of the apogee different from both the periods before determined: thus, 210. 
the period of cight years and almoſt nine months is found to be nearly the 
time of the revolution of the moon's eee. e nen 
the order of the ſigns. 
The motion of the apogee being ws nd. eee inionder 
to determin it more exactly, it was neceſſary to compare eclipſes at a greater 
diſtance in time from one another; acrordingly, by comparing the places of 
the moon's apogee at the eclipſe of jan. 20% 1647, and at a great number f 
other eclipſes accurately obſerved with the place thereof at the eelipſe of dec. 
100 1685, Caſſini determined the time of an entire revolution of the moon's 
apogee to be 8 common years 311 days and 8 hours: theimnnt} wenn, 
N, 107 39 52: and its daily motion 6 44 xm An 
1073 The places of the moon's nodes are beſt eee af 
an eclipſe of the moon be central, the moon is in one of her nodes at ili 
middle of the eclipſe; and the place of that node is diametrically oppoſite to 
the ſun's place: as the circle of the earth's ſhadow is oonſiderably larget than 
the diſk, of the moon, we cannot ſee two oppoſite parts of the circumference 
of that circle at a time, ſo. as to determine the place of the:center-cthereof;and 
obſerve whether the center of the moon paſſes under ĩt or not; or ho near 
it paſſes thereto: but we may find whether an eclipſe of the moon be central 
or not, by the following method: obſer ve the paſſage of any two ſpots equi- 
diſtant from the center of the moon on oppoſite ſides of her diſl, and ſo ſuu- 
ated that a line drawn through them is nearly perpendicular to the xray of 
the moon M M, as the ſpats A and B, fig, 6 I, if both theſe ſpots enter into the 67 
ar c e and go out eee ee ether. 
3 BW f 
euer noe ny be allo determined partial ie of 
the moon, if at the time of the obſervation the ſemidiameters of the moon and 
of the earth's ſhadow be known in minutes of a degree: for the quantity of 
the eclipſe meaſured by the line AB, fig. 62, being known. by: obſervation, 62 
take that line from the ſemidiameter of the ſhadow u p, and me ſhall baue 
DB the diſtance, of the center of the ſhadow from che edge of · the mooi 
add to this the ſemidiameter of the moon cs, and we have c p the moon's 
latitude: now in the triangle ock right angled at © we have one ſide en 
known, and the acute angle DE c is given, being 5? 17 $ 10193 from which 
data E p the diſtance of the center of the earth s ſhadow from the node may 
a be found. It is eaſy to know. which node the moon is in when. the eclipſeis 
hs: 20 ot to which ſhe is near in a partial eclipſe, iy even pyrite 
the "ne ee never the is in north or ſouth latitude, . - 49914 213 nee 
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104 To find the motion of the moon's nodes: VU TOTO "Fs Ep 


comes out 3 10 for-tbe daily mation of the node. We may find the annud 
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is in or near one of her nodes, has been ſhewn already, 5 994, that eclipſe 
fall out when the ſun is in different parts of the ecliptic, that is at different 
times of the year, is matter of common obſervation; from hence it appear 
that the nodes have a motion in the ecliptic: in order to determine what this 
motion is, the obſervations of eclipſes made in different years and at different 
times of the year muſt be examined, and the places of the moon's nodes ateach 
eclipſe muſt be found, by the method made uſe of F 1073. Thus, by a central 
ceclipſe of the moon obſerved at Paris april the 16% 1707, the place of her 2. 
ſcending node was determined to be then o 2619. By a partial eclipſe of 
the moon march the 26% 1717 at 1 öh 160 at Paris, the place of her and 
ing node was then found to be at 6 135 29. By an eclipſe almoſt centri 

ſept. 9 1718 at 8Þ {the place of the aſcending node was at that time found 
do be at 5* 16* 40. By the two laſt of theſe eclipſes the motion of the moon's 
nodes appears to be contrary to the order of the figns; fince the aſcending 
node was forwarder on the 26th of march 1717 than on the gth of ſeprember 
1718: the interval berween theſe two obſervations is 5314 ob 16 48', during 
whiclvthe motion of the nodes was 26 49 C: according to this proportion 
the motion of a node for one day comes out J 2. Again, if we compar 
the eclipſe of april the 16th 1707 with that of ſeptember the gth 1718, the 
interval between is eleven years three of them biſſextile 145d 18h 16, in al 
41634 180 16, during this time the motion of the aſcending node was con- 
trary to the order of the ſigns 2 19 39; according to which proportion there 


mio of the node by the golden rule, if we fay, as 4 163d. 18h 16 to 2 19 49, 
ſo is 365 to 19” 15 ©', the annual motion of the node: again, if we ſay, a 
219 39 are to 3600, ſo are 41634 180 160 ro 68244 5% 33'; or 18 common 
veurs Ad 7, the time of the: revolution of a node round the ecliptic. By com- 
interval between the eclipſe of april the 16h 1707 and another 
of March the 26m 1736 with the place of the node at each of thoſe times, 
Ti motion of the node is brought out 3 10 36". 

In theſe examples, eclipſes are compared together with ſhort intervals be. 
tween, in order to find which way the motion of the nodes is, and to deter- 
mine nearly the time a node takes in going round the ecliptic; that, in com- 
paring eclipſes with long intervals between, we might be ſure not to miſreckon 
one or more entire revolutions of the node. There are three ancient eclipſe 
recorded by Ptolemy to have been obſerved at Babylon, the firſt of theſe fel 
out 720, the other two 719 years before the birth of Chriſt; if theſe be com- 
vr with the eclipſe 1 the 9 1918, the interval between 9 
| Ve 


©2 
— 
— 
2. 
* PY 
2 
* 
* * 
4 
* 
* 
— 


SY + 


1 + . \ „ 178 
1 N 5. > 2. Þ . | 


n, ö 4 | 


% 1 457 + 8 F 42 _ OT . * 
Ge n | ain n 
N 


a 


= 


1.7 1 HG we F * hit Resser oy 3K n „ 
. 7 MET: E473 76 Ne NN . | 0} | 
ERS; — in if} 2 2? {+ 4+ 9 «pt; ee r N 24% 8 - 3h ea 
92 1 De „ann 24 «i: 4.3 29 1 8 F A <1 8 
r 2 nes ome hc nc 


— 


8 1 . * 0 4 - f ” >» 4 4 — 
de * ap $3. 1 9 1 1 1 4 1 ; ; ol 8 if 4 * LS. | + i 2 ” 94 '- ** 17 a5 * 4 
* 8 e 
ö e U -» 3s. T7? 4 . n bo 5 — | 2 : , ? * r 
9 . ; »: + & 5 * SG —: , þ F G 5 * + 1 A : . 0 
d -: SUL; 4 l e FW eee | 
. - + , 
«a: L 4 * 
8 N Seer 1 75 i 5 * k "IX" 1 4 348 - 4+" HEY; v * + $34 "* 4 6 "of igdk | 
, S 4 
pe 5 3 * 


* er « f . P . " 2 . „ 1 : > ai. „ a «<4 7 8 — is 
£ ; * 3 7 y 4 11 1 — : N So. * * 12 _ 3; "INS & #5 7 0 ; 
4 « 4&7 n 1 4 * * $ 4 +. Cy | 8 "= $a Fe + * ft j- ha” 
: . < 
* 


7 wp 
& 4 1 »# + 6.2 4 Y 3 

* 4 ' » 5 + £ ©"? 1 þ * if SE * p s 44 
- 72 1 2 . - . « * * . ' yu - "+ xx . . 


13 
= 
* 1 _ „ * - . 22 
1 4 
1 24 * f N 0 by y „ - * S ' — 1 4. * | og 
. "Ot i * - : 
/ 
* Fl E . . . * U 
1 v 1 * — - 
n, | KK -MÞ * . 1 
* * 
* 4 "_ 1 * * * * 4 * 8.3 
Ue as 0 LF * 4 4 7 4 * * * * * * 
- 8 * 
| 7 4 1 _ ain : c . 47 8 
5 4 wy — T5 0, 3 0 
12 ” 
- w 
, E - 
. g } - * 9 & 4 * $4 1 *.T" 95 
2 + 4 , my; * EY — 1 
a - x ih ® N mY 
N- 1 4 v 2 : {x4 * 6 ? 77 * * : 4 * * 
0 & - e 1 * +- : : 
: CY — 4 4 1271 A, : a * * 
— - 
£ jm % * a . 
2 ” 0 > S 4s : * „ * — 
L : 6 - _— . . © - n 4 & * / 29 * þ 
: 
„ * 
. 7 9 
* = — i : 
9, 4 * - þ . p * 98 4 * | — 9 
43 2 * 5 5 e EY 
. 2 * * i 
- » 1 
3 a > 3 Cf 


- . f 7 
— oe ' 1 N 1 4 : 1 5 a . x i; * %  £ 1 5 
= * 1 > p 14 2 , * 9 *. * 1 a FS * £ = 1 N Met : 
2 e 


A *% * E * 1 — PE 1 * © : 
$ 7 4 4 l > e 11 Ex 1 - 4 11 Y 
171 5 * I 4 # 4 ; - , F341 4 1 8 5 


8 
"= = 
— A . Y « 
> 9 ” 4 * „ — 7 
— * > * p N 
. * * SLE — 
- ; 1 a 8 * * L 
* * 3 
* - YA , af * - - 
- % "Y y 7 . * 7 PR ? - 10 mc 1 
1 Wir þ £42 ” ' * ; : 


— F N - 
2 2 1 
N 2 hos * Ay , 2 9 4 A 4 [ 4 1 ” 
M- eren AK x ; Pa © k * 4 X TE * 4 3 75 N. 1 q 
7 e N 
4 ” * - 
"0N Ll = « : 7 „* + 47.3 + 1 +4 . 
— v 1 * - 
* * 4 4 1 r SF > x F * 4 © . * „5 of : ow 7 & # 1 


fell 7 ov g 5 — ts 5 . . 
C acl : v7 .J I 4 22 i 7 8 9 : 
y I a = 4 | 
U . 1 5 % 2 * * | : at F 4 - * 4 p 7 * * © ; "2 : 
ML & + 4 i 75 i « — " : fi : 5 wo. wy: a + 4 4 | | i | - | "4 " . * * * iin , 
a : . . J . 92 4 q 1. * 
8 : "av, F T543% I — IS 
- ? | "#44: run Gigs . 7 * * — , $ F bb. 4 8 D . : * , — 2 4 
4 * 5 „ TRY LA £2 v N N 4 Ne 1 ů 
— " - 4 * F 8 * 12 : ». f 
* 4.7 * 1 a . a 


4 } > 
* - o 
8 + * N 
. - 4 8 % 1 5 4 
% * 1 N . 1 1 * > : 
3 * — 
5 3 TY 
. — 9 - . = x 
a . l . 27 * * 
gt * 14 
- . =. 4 
N 8 SY 
+ by N * * 
' o 3-4 + 4 * 
* * 0 8 7 *. * 

F ” * 1 J 5 * 8.3 0 » 4 
— 4 A * 2 . 

- , A * 75 5 £ 

. f 1 * * * 
o . £7 
* - 
2 11 
* 


a 7 < 
5160 


; 


ff” 


- 


3 * 
- 


we F wh 
"£02; 2. ;4 . 


at 


Fo 


— — * 
RAT 5: 
$3295 


g . 83 
* 


. 
1 


_—_ 
- 


. N P Py 7 * J 
>," yd PE = 3. 8 * w* 


& Pi 83322 898 : 
9 x © » 4 
i 

: 2 n 4 1 


— 7 
ab "TR 
, 
A = N R 


i 


0 


PAY 


<p * 
. 
— 


* 
x 


. 
* 
5 
r 
ec 


; * 
p Tk. * — : 1 * '* _ {XS FI — p n 4 K : "OS 2 — 
1 we * — 


- — 
- * 6 
. % 

4 . I. | «4, - | 
R + - 
* 21 4 K 

* . — 8 # i 
4 , ? . 
A - 4 4 - 's * 
„ 2 * LEY £ 5 - d 1 


* 
— 
— 1 x . F 
p c g 
4 1 * p 7 
' 4 1 
; P : 
* ; - 
1 s & : 
7 as ” PR gd 4 » "3. . 
* q 3 4 - 


es... 41 
1 


„„ A ˙ a > 


—__ 


oa... Bot. 


wt on / BE LOTS "PO OO CO. bk, 28" AT. 
v .* = 


r 2 


2 3 ˙·. IT I 
* = . 8 


U AA ĩ ͤ ͤ » ———•—¹⁴ñi I 
= : 1 2 : 


= v FILL RT WAR” 3 18 — „ ? 


3 rr 
— * d 4 
= 


me ASTRONOMY: 5 
bore 2437 years, during this time the node, bäßdes entire bine ons 


ſo far advanced in its retrograde motion as to ſhew that it moves at the rate 
of 4 10 38” in a day; which is very little different from what was before 


ul between. Ft 

' Theſe remarks beginning at C 1067 are chiefly taken from che third book. 
of Caſſini”'s Elements d aftronomie chap. 5 & ſeq. 

1075 Scholinm. When we determine the mean motion of thegnoon, the 
motion of her apogee and nodes by comparing her place at ſome eclipſe late- 
ly obſerved with her place at the time of ſome very ancient eclipſe, together 
with the interval between, we proceed upon a ſuppoſition that theſe motions | 
are the ſame now that they have always been. Halley, b y comparing the an- 
cient eclipſes obſerved at Babylon with thoſe obſerved by Albatennius in the 
ninth century, and ſome of his own time, diſcovered the moon's mean moti- 
on from the fun compared with the diurnal motion of the earth to be a lit 
tle ſwifter now than heretofore®: and ſays he ſhould have been able to find 
in what proportion the moon's motion has been accelerated, if he had the lon- 
gitudes of Bagdat, Alexandria, and Aleppo well aſcertained: becauſe in of 
near thoſe places all the obſervations were made by which the middle mots 
ons of the ſun and moon are determined>. 

Nicolaus Struyck author of a treatiſe of geography and Ange in tow | 
Dutch oppoſes Halley's' opinion of the acceleration of the moon's motion 
bat the ſhifts he makes uſe of to evade the force of the proofs arifing from 
the difference between the obſerved and the computed places in the ancient 


words of Hipparchus relates to have been brought from Babylon as obſerved 
there©, he pretends muſt have been obſerved at Athens; for no better reaſon | 
than this, that bus, in ſetting down the times of them, ſays who was 
the chief m ar Athens the year of each eclipſe; and mentions the 
Artic month wherein'it happened: whereas, this was as natural for Hippar- 
cus who wrote in greek to do, as it would be for a Roman hiſtorian. writing 


try by ſaying who were conſuls at Nome that year. Again, three other 
tor would han ws believe were obſerved at Athens, becauſe the ti rimes — | 


| e — 45 oma | b Phil. tranſ. «236. 2 
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ms lWngnuna;. Ptolem. ta. olaf. p. 105. edit. Baſil. 
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determined from RIF ls with much ſhorter inter- PN" 


eclipſes are very extraordinary: for, three eclipſes which Ptolemy in expreſs 8 


in latin to diſtinguiſh the time of any event which fell out in a r 5 
{es faid expreſſſy by Hipparchus to have been obſerved at Alexandria%thisau. oe 


eke lee be- rj A CCC 
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FIG. are marked by the years of the Calippic period, which was the invention of 
a Greek and made uſe of by the Greeks. Now I think no body could hay 
reaſoned in this manner againſt a plain aſſertion of matter of fact who had 
eonſidered that Hipparcbus makes uſe of the Calippic period in the ſame man. 
ner, in ſetting down the times of ſeveral equinoxes obſerved by himſelf x 
Alexandria, as he does alſo in other obſervations b, and that Timacbaris wh, 
obſerved at Alexandria long before him did the ſame <. 
2 Since the above mentioned declaration of Halley the longitude of Alexu- 
dria has been determined by Chazelles, from which that of Babylon may a. 
ſo be known, that place being according to Ptolemy, 50 minutes in time eat 
from Alexandria: having theſe data Mr. ns wth — compared ſeveral anci 
ent and modern ecli E ee 
found the truth of Halles opinion confirmed. In one of theſe eclipſes obſer, 
5 | ved at Babylon inthe year before Chriſt 383, dec. 22. the moon is {aid to ha 
- p begun to be; eclipſed half an hour before the end of the night, that is half u 
bur before ſun-riſe, and to have ſet eclipſed, whereas by the tables the ſerting 
ol the moan in that place comes out above an hour before the beginning of the 
6 . . eclipſe;,-this ſhews that che moon's place was at that time 40 or 50 minute 
4 | of a degree forwarder in her orbit according to the order of the ſigns than the 
| tables repreſent her; ſo that, in going from her place wherein ſhe was at the 
time of this eclipſe to her place wherein ſhe was, for example, at che cpoci 
mentioned $ 1062, the moon has gone 40 or 50 leſs way, than by the ts 
63 bles: ler fig; 63 repreſent. che orbit of the moon wherein ſhe moves accord 
ing to the order of the letters, let a be the place of the moon at the epoch, c 
her true place at the time of the ancient eclipſe as obſerved, 4 her place a 
that time by the tables; it is manifeſt that from the time of the ancient eclipſe 
to the epoch the moon's true motion has been only the arc cdea, whereas the 
tables make her motion to have been a greater arc bcdea;, the moon there. 
fore: during the interval of time between the eclipſe and the epoch has lai 
leſs motion, that is, her motion has been ſlower than the tables give it. 
In another eclipſe obſerved at Alexandria in the year before © Chrit 201, 
| ſept. 22, Hipparchus ſays the moon began to be eclipſed half an hour before 
ber riſing, whereas the tables make the beginning of the eclipſe about 10 mi 
nutes after the riſing of the moon in that place, that is about 40 later that 
the beginning by obſervation, ſo that the moon's place was at that time neat 
20 forwarder in her orbit than the tables give it. Theſe two eclipſes are 
ſtrong proof that the moon's place was ſo much forwarder in her orbit that 
by the tables as has now been ſaid; becauſe FORO RM of them were mu. 


2 . Ptolem. J. 3. c. 2. b Ptolem. 4 7. c. 2. \C Ptolem. J. 7. c 3 · adi Phil. tran. kth 
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nifeſtly one before the ſerting the other before the riſing of the moon, circum- 710. 
ances about which the obſervers could not be miſtaken: whereas, had the 
times of them been expreſſed” by ſetting down only the hour of the night, ie 
might have been pretended that the ancients had no certain method of know- 
ing the time exactly, or that we could not be ſure the numbers had come 
down to us without any alteration by careleſs tranſeribers. Indeed Struck 
ſeems to have been ſenſible that theſe eclipſes, as they are related by Prolemy, 

are deciſive in favour of Halley's opinion, which made him have recourſe 

to the ſhifes before mentioned. 2 dos 8 e e 7 OR 5% F107 OY SER] 
Again, by an eclipſe of the ſun obſerved at Alexandria by Theor, the 160 
day of june in the year of Chriſt 364, the moon's true place was then a- 
bout 4 minutes forwarder than by the tables; and conſequently her motion 
was then ſtill lower than the tables make it, but the difference is much leſs 
than at the ancient eclipſe above 700 years before: on the other hand, in rws - 
ſolar eclipſes obſerved by Ibn Junis at Grand-Cairo' in Egypt, in the years 


of Chriſt 979 and 978, the true place of the moon was more backward in 
be her orbit than her place computed by the tables 7 or 8 minutes of a degree: 
in the 63 figure, let @ be the moon's place at the time of the epoch, 5 her 63 
I by obſervation at the time of the eclipſe A. D. 977, cher place at that 
ume by the tables, it is manifeſt that the moon's true motion during the ins 
cl WW tervening interval was the arc hᷣcdea, whereas her motion by the tables du- 
4 ring that interval comes out a leſs arc cdea. Now from the ſame tables re- 
6 WH preſenting the moon's place more backward than her true place in ancient e- 
, © WY clipſes, and more forward than her true place in later eclipſes, it follows 
chat her motion in ancient times was flower, in later times quicker than 
ple BH the tables give it us. CCC 
he The difference between the places of the moon by obſervation in the eclip- 
. tees above mentioned and her places by the tables ſeem ſufficient to prove that 
N the moon's motion from the ſun has been accelerated: there is another eclipſe 

of the moon, and that the moſt ancient one whereof we have any good ac- 
count, obſerved at Babylon in the year before Chriſt 72 1 mareh the rgth, 
15 by which the acceleration of the moon's motion from the ſum is in ſome meaſure 


limited: the beginning of this eclipſe is. ſaid to have been an hour after the 
a" Wh rifing of the moon; which is not above an hour and three quarters before the 
deginning by the tables: from whence it follows, that the moon's true place 
n chat time could not be forwarder than her place by computation much a- 
dove 50 minutes of a degree. Sr 8 TH; ee 
* 1076 If che motion of che moon from the ſun be accel rated, that is, if 
A the ſynodical month deſcribed $ 957, 958, appears ſhorter now than in ancient 
. UMmES 


|  rimes, as conſiſting of a leſs number of minutes, ſeconds, &c, this muſt K 
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owing to one or more of theſe cauſes; either 1, the annual and diurnal motia 
of the earth continuing the ſame, the moon is really carried round the earth 
with a greater velocity than heretofore: or 2, the diurnal motion of the 
earth and the periodical revolution of the moon continuing the ſame, the a. 
nual motion of the earth round the ſun is a little retarded: which makes the 
ſun's apparent motion in the ecliptic a little lower than formerly, and, con 
ſequently, the moon in paſſing from any conjunction with the ſun ſpend 
leſs time before ſhe again overtakes the ſun, and forms a ſubſequent conjune. 
tion: in both theſe caſes, the motion of the moon from the ſun is really a. 
celerated, and the ſynodical month actually ſhortened: or 3, the annual mo 
tion of the earth and the periodical revolution of the moon continuing th 
ſame, the rotation of the earth round its axis is a little retarded; in this cak 
days, hours, minutes, ſeconds, &c, by which all periods of time muſt be me 
| ſured are of a longer duration, and conſequently the ſynodical month vil 
appear to be ſhortened, though it really contains the ſame quantity of i 
ſolute time as it always did. When we ſay the moon's motion is accelerate 
we would not be underſtood to determine from which of the cauſes nos 
mentioned ſuch acceleration does ariſe. If the quantity of matter in the bo 
dy of the ſun be leſſened by the particles of light continually ſtreaming fron 
it, the motion of the earth round the ſun may grow flower: if the earth is 
creaſes in bulk, the motion of the moon round the earth may be quickend 
_ thereby. Some are of opinion that the earth may increaſe in bulk by abſa- 
bing the particles of light which are continually falling upon it, or may n- 
ceive an acceſſion of matter from the tail of a comet. May not the modi 
of the moon round the earth have been quickened, or the motion of th 
earth round the ſun have been retarded, by the near approach of a come! 
but more of this when we come to enquire into the cauſes of the motions d 
the planets. © | PT +.) 
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CHAP; 6. THE HARVEST MOON: THE HORIZONTAL MOON. 


. . 1077 It is a common obſervation that, about the latter end of july, in a 
guſt, and the beginning of ſeptember, the moon, when juſt after the ful, 
riſes ſeveral nights together ſoon after the ſun ſets; ſo that, by ſucceeding tt 

ſun before the twilight is ended, the moon prolongs the light, to the gr 

benefit of thoſe who have harveſt work to do, and is therefore called at tht 
time the harveſt moon: nnn... 


cn AP. 6. 
the rotation of the earth cauſes all 


2 


every day riſe and ſet in the equator, or in a parallel: cs 
view of the eaſtern concave hemiſphere of the heaven, herein m ivthe 
north s the ſouth pole x & the equator, n & the horigon of a: plabe in the 
latitude of Cambridge, and will not be much amiſs, as. co: the affair unden 
our preſent conſiderution, if we make it the horizon of any other part of Eng-. 
land: it ĩs eaſy to ſes that if the moon be in the equator as ut A or B ſhe muſt 
in this hemiſphere appear 


pears to be cart ied in that parallel towards p, and riſes at bi: 
both in the ſume parallel as 4 and b be taken in the eaſtern 


hemiſphere uni. 


point A riſes before x: in like manner n riſes before c, and & before n, as 
alſo a before b, and ò before c&c: how much ' riſes later than A, or A ater 
han a, in a right ſphere, depends upon the difference between che right aſs 
enſions of thoſe points; in an oblique ſphere; upon the difference berween thie 
oblique aſcenſions of them: this differenoe is in both caſes the ſame; for i 
he arc of the equator contained between A and n, or the are of the parullet 


Xx TT EARATD yz TY ”7 v2 _ RT 2a TT _ +» =&=S co 


dome to the horizon s in a right ſphere, or to the horizon n & im A h- 
lique ſphere, an hour later than &: in like manner, if the arc a contains 
15 degrees, @ muſt, both in a right and oblique ſphere, riſe an huut before 
6; for as every point in the equator appears to go 
natural day, fo does every point in any parallel go round in that parallel in 
the ſame ſpace of time: the degrees in every parallel are indeed leſs tham thoie 
in the equator, but an arc of any number of degrees in a parallel hrarsche 
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the equator bears to the equator, g 484 ; and conſequently takes up the ſame 
interval of time in paſſing / through the plane of the horizon, or of any other 


circle; 105/t nog , 2nd 28 Sigi 22 Hi 2900: i 562 2607 ONE 


later muſt ſhe riſe, in the ſame poſition of the ſphere. 

1079 Lemma 2. Since in every place in north latitude the north pole s 
above the horizon, che ſouth pole is below it, if when any of the-heavenly 
bodies is beneath the horizon in the eaſtern hemiſphere it is deviating noch- 
ward it will by ſuch deviation be brought nearer to the horizon; and con- 
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AS MRONWOUNM Y ; as. 
all the heavenly: bodies to:appearito-ziſe and 710. 
{et in the equator; or in 4 circle parallel tothe equator, $34 q che mom muſt 
fg. 64; "repreſen 64. 


to be carried towards a, and that ſhe cumes to the 
horizon and riſes at Y: but If ſhe be in a parallel pas at arb or c ſhe ap- 


1078 Lemm 1“ If tro points both in the equator asc and n fig. 64470r: 64. 
ger the horizon, the point neareſt to the horizon muſt riſe ſuſt: thus, the 


roand in that cinde in a 
lame proportion to that parallel as an are of the ſame number of degiers in 


Corollary, The lower the moon is under the eaſt part of che horizoty the 
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ſequently riſe ſooner than it would otherwiſe do: thus, fig. 64, if the moon 64 


4% 


a _ - ASTRONOMY. bes 
FIG; at A inſtead: of going to 5 in/2 hours were in chat time td-go an equal d. 
* ſtance: from A to /, this deviation would leſſen the change of her oblique x 


much ſooner than ſhe would have done had ſhe gone to u as anſwers in time 


| boditeffareber beneath; the hormob; und cauſes it to riſe later! 


as to be inviſible, $967; gyo: in a day or two, the moon will be at ſuch ad 


appearance 
the moon, advancing farther and farther from the ſun, riſes every day late, 


after ſunriſe: during this half of the month, the ſetting of the moon, being 
. then'chiefly enquired after, in order to know how ſoon, after the fun is gon 


the horizon ready to riſe on a given day, at the ſame hour and minute of the 
day immediately following ſhe will have been carried more or leſs beneath 


ly ſhe muſt riſe as much later as anſwers to the exceſs of that 
. Ce eee ee 79 N 
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cenſion, which would then bemo more than g; and ſhe would riſe at p, a 


to the difference between the arcs vg and 1B: it is obvious that a deviatia 
ſouthward as from A to 4 has a contrary effect, carries any r 8 


1080 It is matter of common obſervation that tbe moon, in waing round 
kite inaneltdy: petbod; riſes and ſets every natural day later than ſhe did on th 


day immediately preceeding, When the moon is in conjunction with the ſun ft 
riſes and ſets nearly at the ſame time as the ſun does, and is ſo near the fu 


ſtance from him as to be viſible in the welt after the ſun is down; at this fr 
ſhe is commonly called the new moon : from thence forward 


and later after ſun· riſe, and ſets later and later after ſun-ſet, till ſhe come 
to be in to the ſun: during this half of the month, the riſing d 
the mon is in the daytime, and is therefore but little regarded, except pa. 
bays by aſtronomers; the time of her ſetting is then principally attended t, 
r ihe fer S fovwn, the will coatine to fo 
ply his place with her borrowed light. 

"This the mone'is .. 
thi-time che ſun ſes, and feta nearly at the time the ſun tifes: from then 
forward; the every day riſes later and later after ſunſet, and ſets later and late 


in the daytime, is not attended to, for common uſe; the time of her rifing 


down, the will appear and diſpell the darkneſs of the night. 15 

100 The "cauſe: of tbe moons rifing and ſetting later every day than a 
che day immediately preceding is her going in her orbit according to the o. 
der of the figns about 13 degrees every 24 hours, which is about 12 degrees 
farther than the ſun goes in the ecliptic, as has before been mentioned, 
$958: by this motion of the moon, at whatever hour and minute ſhe is 1 


the horizon; her oblique aſcenſion will have been changed, and conſequent 
change, abo 
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Ar. 6. _ ASTRONOMY / $94 © 
1082 The-differenc# inthe | times — — days immiedi- rid. E 
y ſubſequent is variable: vrhen this difference is che moon riſes 
moſt an heur and an half later in the day than on the day immediately pe- 0 
ceding: when'this difference 9 not riſe 1 minutes later 
in the day than on the day immediately 16 denn er 97 n: 
We cauſe , bis variableneſe in the riſing and x of che moon ig h 
different ſituation of the mooris orbit e of the horizon of 
under confideration: for in/ſome ſituations thereof the oblique Aenfon be 
moon ſuffers ee change in any given time than it does in other | 
ſituations. How 972 939909 16,1 Ra wollot od 6: 1060240 mern AW 1 
"2083 As Abet Ge BalFif eh riobhs/itdic Ws gu th GIG GRAD half 8 
on che ſouth Hide of the'ecliprie;'F 955. it will not be improper firlk io cb | 
fider the motion of the slm asi i. were always 1 in the ee ecHp ti. * | 
The ecliptic,” in different ſituations of the heaven, makes different angles * 
with our horizon, and indeed with the horizon of every place, as may be 3 
ſeen by turning About the celeſtial globe: thus, if che globe be rectiſied to our 
horizon, and turned till the point of the ecliptic be under the braſs ime- b 
ridian, che ecliptic will ſtand the neareſt poſſible to perpendicular t our 
horizon, making with it an angle of about 61 degrees, which is the | ' 
angle it Tah"Ever make with our horizon: on the other Hund, if the globe | 
: 
| 


1 * „err 


* 3 5.4 on 


be turned till the point whe under thevineridian; the eclipric will be the 
neareſt poſſible to ooincidenoe with our horiaon, making with it che Null. 
ect angle poſſible; an angle of no more tan about 1% Aegrer s. 
On any dy of che tuna: period, whenz' a little fore che riſing of be 
moon, theealiptic-makes-th@'greateſt uingle poſſible with dur horizbti, the 
motion of the moon in the ecliptic, as für the preſent we ſuppuſe it to Be, 
will, durzagi the preceding 24 hours, hae carried her the cee. | 
beneach ch horizon, and there will be the greateſt change made in 
lique aſcetifion}; ſo that there will then be the greateſt differenee between the 
time of che moon's riſing on chat day and th time of her aeg od there . + 
mediabely preceding: on the other hand, when on # giveti'day; a Tide be. 
fore the riling of the moon; che ecliptic maltes the leaſt angle poſſihſe wWiftiin 
the horizon, the motion ef the moon during the precediing'24 hours Win 
have made the leaſt change poſſible in her"oblique afcenfion, ſhe 4 Put 
«little below che horizon, and ty there will then be the leaſt 
ſerence between the times of the moon riſing on that day and on :W | 
day immediately preceding.” Let fig. 65, 66, 6, 768 85, 59 U of the | 
concave eaſtern hemiſphere of the heaven, . Cd gg u d Wert 66 1 
Ss © fourh pole, x the equator, x x the horizon, © the ecliptic, wherein 
C 3 K 2 the 


2 
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iG. che moon is ſuppoſed to move according to the ordet of the letters as co; 


on a given day and: hour, for sample, che, a1 of june at ngon, let the 
65 ecliptic ſtand as in fig 65, With the moon xiſing at , niche following 
day at noon, the moon will be about 13 degrees forwarder at c, and mul 
then riſe at r, in the parallel >ep, as much later than on the 21 day a 

anſwers in time to the arc F.C, equal to the change of her oblique aſcenſion 
above the change of the ſun's right aſcenſion: if that exceſs be 18 degrees 


66 the-will an..che 22, day riſc at,12/ minutes paſt. one. On the other hand, ler 


the ecliptic ſtand as in fig., 66, at N given day, as december 21, with 
the moon riſing at Y; on the following day at noon ſhe will be at c, and 
riſe at , in the. parallel » ep, only as much laten in time, chan on the pre 
_ ceding day as anſwers to the arg g c; if, chat are be 5 degrees, ſhe will riſ 
20 minutes paſt twelve. It is caſy $9 ſee that, berween theſe two extreamʒ 
there. are various ſituations of, the heaven, herein the ecliptic, cuts the 
borigon at intermediate angles, between the, greateſt and the leaſt; and, con- 
ſequently, that the differences between the times of the moon's. riſing on two 
days immediately ſubſequent are various. TO expreſs: the matter in ſhort 
the nearer to perpendicular to the horiaon the ecliptic; is, che farcher would 
the motion of the moon therein carry her under the horizon,,;'.;, 
1984 The differences -which have been mentigned, between the riſing of 
the moon on days immediately ſubſequent. happen to the moon in all her 
phaſes z but the riſing oi the maon near the ſame hour for ſeveral evening 
together is chiefly, taken notice: of aſten ale ſull moms. which fall out a littk 
before the autumnal equinox:; becabſc the days read to be thereby maſt be- 
neficially lengthened, as there is then no interval, of darkneſs between the 
ſtrong twilight and the riſing.6f the moon. tl ni noo odd 10 110619! 
From about the middle of auguſt to about the middle of ſeprember neu- 
flile,. the ſimation of the ecliptie at ſunſet is nearly ſuch as ĩs repreſented in 


66 fig, 665 ſuppoſe. then on the 15th of auguſt at ſunſet the full moon is fl 


ſing at x, on the 168 at ſunſet ſhe will be at c, ſo near the horizon that, 
being by the diurnal motion carried; in the parallel y c 2 ſhe will riſe at #, 
not, many minutes after che time. ſhe toſe on dhe. glb for the change of be 
oblique. aſcenſion, during the intervening 24 houts, is no more than the 
FA e an the 1700 atifunſer, the moon will be at p, on the 186 a 
which. points are ſo near the horizon that, though for ſeveral days 
ES moon. riſes later and later every day, her rifing is all che wh 
nap after che ſetting of the ſun that ſhe appears before the twilight, which 
hen continues abgut awo, hours after . err iam e 
e, to che induſtrious 3 1p2 901.9 4. ol 


Fgggggaäargasss sr 
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-168 y In places of greater north latitude than Cambridge, when che point FIG, 
v is in che Mertin the ecliptie is nearer coincidence with the horizon, and 
conſequently-their harveſt moon riſes ſooner after ſunſet than at Cambridge. 

if a place be in 66 degrees and an half of north latitude, hen the point 2 
is in the meridian, the ecliptic is coincident with the horizon in every ſuch 
place the moon riſes for above a week together at the ſame time the ſun ſets: 
thus, fig. 67, if the ecliptic v be coincident with the horizon at ſunſet 67 
on a given day when the moon is riſing at A, on the day following The will 
be at B, on the third day at c, on the fourth at D, &c: no all theſe points 
will on each of theſe days at ſunſet be in the caſt fide of the horizon ready 
to riſe at the ane time that che ſun is on the welt be 1 tho horizon: ready 
to ſer. fo I LO! 3 bist 267 7h riot ie 7 0! 15244 

1086 It ns been laid before $ 9 52, that the nies 8 mackion; in hengnhic 
is not equable, but floweſt in apogee,” ſwifteſt in perigee: it is eaſy to {ee 
that the ſwifter the motion of the moon is in her orbit the greater change is 
made in her oblique aſcenſion in a given time, and conſequently: ceteris pa- 
ribus the later; will ſhe riſe; the flower her motion is in her: onbit the leſs 
is the change made in her oblique aſcenſion in a given time, and the ſooner 
will: he riſe. From hence follows»this:corollary;: that ceteris puribut, the 
leaſt interval of time between the ſetting of the n the riling of che har- 
veſt moon, is when the moon is in apogee. Ru +) Eq" , ni a 

1087 Ast the moon does not go in the etliple; bur! in an otbit chat cuts 
that ircle in an angle of about 5 degrees, $955, the orbit of the moon: in 
one situation, makes an angle with the horizon 5 larger, in another 
ſituation, an angle 5 degrees leſs than the ecliptic can ever doi thus, ſig 68, 68 
the pointed — ob which repreſents the orbit of the moon cuts ther hori- 
20 n R, fo as to abe with i an langle of 66 degrees, 5 degrees larger than 
the ecliptie © v does! On the other hand, in fig. 69, the orbit of the 69 
moon n makes an angle with che horizon 41x; of 9 degrees, 5 $:leſs 
than the ecliptic does. In fig. 68; the moon going ih her — accord- 68 
ing to the order of the letters abc di deviates towards the ſouth; and therefore 
riſes the later: in fig. 69, che moon deviates towards the north, and thereſote 69 2 
riſes:the ſooner for ſuch deviation, by g 1059. When the moon is at the | 

1 


full and ready to riſe at ſunſet, if the —— the orbit of moon ſtand 
both as in fig. 69, and the moon is alſo in apoger, there: willabe the ſeaſt 69 
difference poſſible in our latitude, between the times of the moon's tiſing an | 
that day and on the day immediately preceding; ſo that we 2 beſt 1 
Edel anden ä by 5 107g, and1686, bo Ben wal WO 
3 JOf ob ; %%% $09 MoU 9009 toitw wet 20 ug ade 
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- therefore; ſhortens the interval of time between the ſetting of the ſun and 


. ͤ on. e mee, being the 
ame. 


| | brighter, which cauſes the pupil of the eye to be contracted and her pidur 


And contracted in the light, and is alſo opened wider hen we look ata 


and accordingly: 
later when ſeen through a cloud; or even hen eclipſed, than in her great 


60 b rooin: 
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Scbolium. The refraction of the air near the horizon makes the ſun appey 
to-ſer later, and the moon to riſe ſooner than they really do: nn 


the rifing of the moon. Refraction is variable, the more denſe the air i; 
when the moon is ready to riſe the greater is the refraction, and the ſooner 


1088 C 
eee eee what 
makes this ſo difficult to account for is that we are very ſure the mon 
is not nearer to us in the former than in the latter ſituation: in reality ſhe i 
nearer to us in the meridian, as was ſaid & 1041; but this difference in her 
diſtance, though neceſſary to be taken notice of in nice aſtronomical calcy. 
tations, is too ſmall to cauſe any change in her apparent magnitude eſt 
mated by the bare eye, and therefore needs not be. regarded in the preſent 
ſpeculation, wherein we may conſider the moon as if ſhe were all the whit 
at the — gecrpn eine ee the ſane 
Phu es th n 

1089 — are che binnen given · of chis namen. one is thu 
the pupll of che eye is opened wider, and by that means a; larger picture oi 
the moon is painted upon the retina, $229, when ſhe is viewed near the bo- 
tiron, her light being then much obſcured by the great quantity of thick 
vapours tough which it paſſes; whereas when ſhe is at a greater altitud 
her light comes to us through a ſhorter tract of thinner air, and ſhe appear 


upon the rerina to be dimidiſned: this reaſoning is founded upon a fi 
which is not true; for, though the pupil of the eye is enlarged in the dark, 


dare object than when we view the ſame ſtrongly illuminated, this change in 
the pupil cauſes no alteration in the apparent · magnitude of the thing ſeen: 
we find the moon at à conſiderable altitude does not appear 


elt brightneſs: nor hall we bod any difference in her apparent magnitude i 
time, whether we view. ber ſtanding in clear moonſhine, or retire inio 
though the-gupils af our yes. well bac mda io 
—ů the karcer ſituation. 

Another opinion is that che hotincocal moon being fron wat 


; 


10900 
ing tract of chick vapours her picture upon the retina is confuſed, becaul 
the _—_ of rays which come from the outlines af her diſk do not termi 


nate 
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nate in points but in ſmall circles, which renders the picture ſo much larger 10. 
in circumference, as the ſemidiameters of thoſe circles extended every way 
round amount to; but that, when a micrometer fitted to a teleſcope is made 
uſe of, the glaſſes correct this. diſſipation of the pencils, and the moon ap- 
pears under her true angle, a little leſs in the horizon than in the meridian. 
Now that this is not the caſe, is evident from the following experiment, up- 
on one end of a ſquare ſtick about 6 feet long fig. 70, I fixed a thin braſs 70 
plate A with a ſmall hole, and near the other end I placed a ſliding frame 3 
which carried two parallel wires about half an inch diſtant from each other, 
then looking through the hole in the braſs at the moon near the horizon, 
and directing an aſſiſtant to move the fliding frame till the wires | 
juſt to claſp her diſk; I made the fliding frame faſt, and ſome hours after 
looking in the ſame manner, at the moon riſen to a greater height, I found * 
her diſk did then extend beyond the wires: thus, by this inſtrument which | 
may be called a micrometer without glaſſes, the horizontal diameter of the 
moon was found to meaſure larger, or ſubtend a greater angle the greater 
her altitude was. c a 1 ey” 
1091 The two ſolutions now mentioned ſeem to be founded upon an o- 
pinion that our judgment of the apparent magnitude of an object is formed 
ſolely from the optic angle; now this is true only with regard to ſuch objects 
35 are at equal diſtances, or appear to be at equal diſtances from us, which - _. 
they may do by reaſon of their being ſo remote that we have no means to 
eſtimate their diſtances or compare them together, as is the caſe of the ſun and * 
moon 9 248; whereas our eſtimation of apparent magnitude is made by the 
optic angle and the ſuppoſed diſtance of the object conſidered together, in 
all caſes wherever that diſtance is by any means ſuggeſted to the imagi- 
nation, whether 1, by the ſituation of the thing viewed among other things 
which appear near it, or 2, by the extenſion of ſpace between us and the ob- 
ect, (which. perhaps is meaſured by the time the eye takes in travelling over 
it, for though the eye runs over a very large ſpace with a velocity as quick 
as thought, yet it takes up more time in doing it the farther the ſpace is | 
extended; juſt as the greater number of ideas ſucceed one another in the | 
mind the more time is taken up by them, how quick ſoever that ſuccefſion 
be:) or 3, by the number of objects ſeen between the eye and the thing in 
view, or laſtly, by the colour, diſtinctneſs or confuſion of its picture; for we 
have learn d from experience that when certain known things have appeared 
in ſuch or ſuch circumſtances they have been at ſuch diſtances from us; 
now this connection is laid up in the mind, quieſcens eft in anima, ſays Alhazen, - 
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F1G. as "is is tranſlated by Gerardus Cremonenfis*, ſo that, whenever an objec 


is ſeen, the idea of diſtance connected with thoſe circumſtances which atten 
it isexcited i in the mind, and that ſo inſtantaneouſſy that we cannot diſtinguiſh 
between the judgement we make and the perception of the fenſe; bur think 
we ſee a thing at ſuch a diſtance : whereas diſtance is not a thing ſeen; for 


_ the eye receives nothing but the picture made by che hee of light re. 
0 Qed from the body we look at, $229.” | 


A has before been obſerved F248 249, that all the ey bodies ap. 
pear to be at the ſame diſtance from us, and that to the eye they ſeem al 
to be placed in that concave ſurface which J call che ſphere of the heaven: 
the viſible, part whereof, though properly enough called an hemiſphere 


becauſe, we have always half of this ſphere above our horizon, ap- 


pears in ' ſhape of a ſegment or part of a ſphere, the center whereof i 


70 far below the 1 1 thus, fig. 70, let A be the place of che ſpectator, the 


viſible part ſky, whether all over blue as in clear weather, or co. 
vered Lang "Adds appears in the ſhape repreſented by the curve ac; 
ſo that the parts of the ſky at o over his head ſeem to be neareſt to him, 
and all the other parts of 1 it more and more diſtant, down to the horizon 
Bor D.. © 

1092 This apparent figure of the ty is fixt 1 6 imagination, and is 
owing to ſeveral cauſes, as firſt, to the extent of ground'and the number of 
objects we often ſec between us and the horizon, whereby we make ſome e 
timation of the meaſure of its diſtance; whereas we have nothing between 
us and the ſky over our heads to meaſure with, and therefore that part ſeems 
nearer to us: 2, the part of the ſky near che horizon ſeems to be farther 
from the eye, becauſe it appears lower, as was obſerved of the parts of 1 
cieling J 247: if a man had over his head a cieling which extended dired 
ly from before him as far as he could fee, the parts of it would ſeem gr 


| dual lower as they grew farther off, till the fartheſt viſible part appeardd 


to touch the horizon: now if we imagine this cieling to be extended even 


| way round, every part of it would ſeem lower and lower the farther it 


was off, till the fartheſt part viſible quite round appeared to touch the 
horizon. When the ſky is all over uniformly covered with clouds we have in 


effect the ſame thing as the cieling now ſuppoſed, thoſe clouds that are fartheſ 


off appear loweſt, and, vice verſa, thoſe that appear loweſt appear fartheſ 


off; and in reality are farcheſt of: it 9 9 «ts hgh 


iu N 1 


en Ar. 6. ASTRONOMY „ 
we have of the ſhape of the ſky, as Dr. Smith, has obſerved in his optics p. 63. FIG. 
The height of clouds above the ſurface of the earth we may ſuppoſe at a me- | 
dium to be about one mile; the height of many clouds is not above half a 
mile: thoſe perſons who have been upon the tops of very high mountains 
have generally, in that fituation, found themſelves above the clouds, which 
have ſeen floating in a lower region of the air: there muſt indeed be 

ſome clouds which riſe much higher, if we reckon their height from the 
ſurface of the ſea; as, for inſtance, thoſe which carry ſnow unto the 
top of the higheſt alps, mentioned $ 576: perhaps the wind, blowing againſt 
the ſloping fide of an high mountain, may ſometimes drive ſnow over the 
top thereof, from a cloud that is not quite ſo high, © 5 

1093 It ap by the tables p. 133, that, if the diſtance of an object be 
chree miles, the height of the apparent level is near 8 feet: converſely 
then, if the eye be 8 feet high above the ſurface of the earth; tbe extent of 
the viſible borizon will be about 3 miles: refraction extends it a little far- 
ther: we judge the diſtance of clouds near the horizon to be much the ſame 
as that of the moſt diſtant parts of the earth within our view, to which they 
appear contiguous: thus, in fig. 71, let BcD repreſent the ſky covered with 71 
clouds within the viſible horizon of a ſpectator at A, Ac is about one 
mile, AB or AD about 3 miles. If we conſider the ſky without elouds, it xy 
is formed of the air, or that part of our atmoſphere which is within our vi: 
fible horizon; our atmoſphere may be conceived to confiſt of an indefinite 
number of ſpheres of air, all concentric to the earth: the air is more denſe : 
the nearer to the earth; and the denſer the air is the heavier particles of mat- 4 
ter will be ſupported therein: what we call the blue ſky is formed by par- 3 
ticles of matter ſo ſmall that they reflect only the blue- making rays of light, "I 
which are moſt reflexible, the rays of other colours being tranſmitted b: theſe | e 
ſmall particles are buoy d up higher in the atmoſphere than they can be when N 
they coaleſce into larger ones, ſo as to form clouds; what ever the height of . 
the blue reflecting particles may be, we have nothing to meaſure it by; and 8 
chere fore, from the apparent figure of the {ky all over cloudy, we form our = Wh 
idea of the figure of the ſky when interſperſed with clouds, or even when 
quite clear of them: what we call the blue ſky appears only a little farther 
off than the clouds, and, when cleareſt, is always diluted with a whiteneſs near 
the horizon, which makes thoſe parts appear a little nearer to us than other- 
wiſe they would do: in effect, the blue ſky is a ſmall ſegment of a ſphere 
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not much larger than the ſky all covered with clouds; to this ſky, the ſhape 


whereof is fixed in our imagination, we refer the moon and ſtars in a clex 


night; and ſee them as if they were placed therein. | 


me 
1094 Dr. Smith by ſeveral obſervations, found the horizontal line A B or ay eſt 
in the figure of the ſky to be between three and four times the length of the on 
perpendicular line Ac; hence it comes to paſs that the moon when near z « ll fit 
D appears between three and four times as large as when near c, though | 
ſeen nearly under the ſame angle in both ſituations, becauſe we judge her Y 
diſtance to be three or four times greater at p or B in the horizon tha m. 
at C in the zenith. 2 e in 
_ . 1095 Another cauſe of the parts of the ſky ſeeming more diſtant the nearer ¶ tu 
to the horizon is this, the heavenly bodies appear more confuſed and indiſtna in 
the nearer they are to the horizon, which ſuggeſts to the mind the idea of greater of 
diſtance both of thoſe bodies and of the ſky wherein they appear to be placed, in 
No that we form this judgment of the heavenly bodies is owing to the Wi th 
experience we have of bodies upon the earth, which always appear mo er 
indiſtinct, the greater their diſtance is from us, $246: the cauſe of this its Mi th 
_ ealy to aflign, from what was ſaid $747, that the ſmall particles of ma. Wi pl 
ter which float in our atmoſphere reflect light; and conſequently, the farthe to 
diſtant any object is from the eye, the greater number of thoſe particles wil Mill of 
the rays of light which ſhould make it diſtinctly viſible meet with, in ther di 
towards us; and the greater number of thoſe rays muſt thereby be fr. 
intercepted, refracted, and reflected: eſpecially, if the object be ſeen near the ¶ pi 
horizon, as all diſtant ones upon the earth are; for then it is ſeen through ke. 
that part of the air which is moſt denſe and fulleſt of thick vapours. th 
Scbolium. For the fame reaſon the diſtance of two ſtars near the horizon T. 
appears between 3 and 4 times as great as when the ſame ſtars are near the Wiſh co 
zenith. The horizontal moon ſome times appears larger than at other times, iſ co 
though at the fame diſtance from the earth, and therefore ſeen under the WW th 
ſame. angle: this is owing to the different denſity of the atmoſphere, which of 


mer caſe, the pencils of rays which come from the extream points wo anc 


cauſes a difference in refraction, and conſequently varies the extent of the 
viſible horizon, as was obſerved 5 295. 


Remarks upon F 1090. 


25 1096 When a luminous body appears confuſed, the picture of it upon 
the retina is a little larger than when it appears diſtin&: becauſe, in the for- 


vol 


1 ASTRONOMY 447 


lines of the object terminate in ſmall circles; whereas, in the latter caſe they 
terminate in points: this would explain the phenomenon of the horizontal 
moon, if ſhe appeared only a little larger near the horizon than in her great- 
eſt altitude; but will by no means account for the great difference that every 
one may obſerve in the apparent magnitude of the moon, in thoſe different 
ſituations. 

What the pencils of rays are was explained i in the introduction, from 
$225 to g 235: I ſhall only add that in the experiment of the camera obſcure 
mentioned & 230, &c. every pencil of rays paſſing through a lens terminates 
in a point at a certain diſtance, at which when the paper is placed the pic- 
ture is diſtinct; whereas, if the paper be placed nearer, the pencils terminate 
in ſmall circles which interfere with one another, ſo that ſome of the rays 
of different pencils fall upon the ſame part of the paper, and cauſe confuſion 
in the picture: the ſame will alſo happen if the Paper be placed too far from 
the lens, the pencils will then alſo terminate thereon in circles; becauſe in 
every pencil the rays, which proceed converging till they come to a point, 
there croſs one another, and thence proceed diverging: notwithſtanding the 
place of the diſtinct picture is not ſo confined to a certain exact diſtance as not 
to allow of ſome ſmall latitude; for, by reaſon of the different refrangibility 
of the rays of light mentioned $ 218, che rays of the fame-pencil, being of 
different colours, will not all converge to a point exactly at the ſame diſtance 
from the lens, as they would do if they were all of the ſame colour: the 
picture is then moſt diſtin, when the paper is at ſuch a diſtance from the 
lens as to have the greateſt quantity of rays in each pencil converge to a p 
thereon: this is alſo the propereſt diſtance for burning with a convex 751 
The ſame rule is alſo applicable to diſtinct viſion: the eye is capable of 
confiderable changes, in the form and ſituation of its parts; otherwiſe, we 
could not ſee diſtinctly at ſuch various diſtances as in fact we are able to d 
thoſe changes may be made either by our altering the figure of the humo 
of the eye, or by bringing the retina nearer to the * or e it 
farther from it. e s eſſay, in Smith's optics, vol. 2. | 
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CHAP. 7. THE MOONS OR SATELLITS OF JUPITER. | 


"Wl 097 Jupiter bath four moons or ſatellits, which ; continually revolving round 
im according to the order of the ſigns, in orbits of different diameters, 
a and in different periods of time, accompany him in his twelve years re- 
volution round the ſun; in the ſame manner as the moon attends our 


31L2 earth, 


for- 


* ASTRONOMY. BOOK 1 
. earth, in her annual revolution through her orbit. Three of them were fit 


ſeen by Galileo, on the night of the 7th of january A. D. 1610, who then 
took them for teleſcopic ſtars, but, by the obſervations of three or fou 
ſubſequent nights, diſcovered them to be attendants upon the planet ju 
Piter: on the 130 of the fame month he ſaw the fourth ſatellit, and cor. 
tinued to ſet down the various configurations of them with their primary 
every night that was clear enough to let them be ſeen, till the ſecond a 
march following: on the twelfth of the ſame month, he ſent his drawing 
of them to his patron (gn Medici Great Duke of Tuſcany; in honor 
of whom he called them Medicean ſtars a: from that time, he was ſo 2 
tentive to their motions, that, at the end of the year 1612, he Printed 
ſchemes of the ſeveral ſituations in which they would appear at ſeveral di 
ferent” hours every night of the months of march and april, and to th 
eighth of may in the year 1613, together with an account of ſome of thei 
eclipſes by the ſhadow of jupiter; beſpeaking the candor of his readers, in 
caſe he ſhould be a little out in ſome of his predictions, as the ſubje& wa 
new, and thoſe ſtars might have ſome irregularities not diſcoverable in ſ 
1098 It was ſoon underſtood how uſeful thoſe ſatellits might be made i 
finding out the longitude, if exact tables of their motions could be conſtrut 
£d; in order to this, Galileo continued his obſervations of them for 2 
years, till the loſs of his eye-fight hindred him from proceding any farther 
but the fruit of thoſe labours was loſt, though the Dutch ſent Hortenju, 
'Bleau and other mathematicians to aſſiſt him in his obſervations and calc 
tations: at the fame time, ſeveral other aſtronomers were employed in the 
fame defign, in various places; with what ſucceſs may be ſeen in Coſi, 
who mentioning Borel; among the reſt, treats him with leſs regard tha 


I think his performance deſerves: that author in the year 1663 printed th 


theory of the Medicean planets in two parts: in the firft of which, he ſup 
Poles the ſatellits of jupiter to be carried round him in elliptic orbits, of di 
ferent diameters, and in different planes, in like manner as the primary pl 


| nets are round the ſun, and from the ſame cauſes; namely gravitation toward 


their primary, and a centrifugal force ariſing from their being whirled round 


| They are now uſully called the firſt ſecond third and fourth fatellit, according to the diffrent ®# 
tantes of their orbits from their primary: the firſt ſatellit is that which is carried round at the leaſt diam 
From jupiter. | | | | 
b Nuntius fidereus & iftoria e dimeftrazione intorno alle macehie falari in Roma, 1613. 
Les byputhbeſes et ter tables der ſatellites de jupiter. | | by ; 
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their primary: he ſuppoſes alſo that the inclinations of the planes of * or- 


the like changes as in the orbit of the moon, but in different quantities. In 
ſeveral cautions to be uſed in obſerving, and gives a few obſervations made 


tions; but refers the farther diſcovery. of the exact theory of theſ&planers 
to poſterity, as 2 difficult marks not to be accompliſhed; but n ee 
diligent obſervation... v.18 ter W 
1099 In the year 1668, Caſfni publiſhed tables of the mations; of puputers 
ſatellits, but much more compleat ones in the above mentioned work printed 
in 1693, wherein he gives directions for the uſe of his tables, after pr 


a long detail of the poũitions and diameters of the orbits of the ſatellits, their 


mean motions, and the manner of inveſtigating theſe particulars: theorbitsbf 


jupiters ſatellits were thought by Galileo to be in the ſame plane with the or- 
bit of jupiter: Caſſini found —_ to make a ſmall angle with it, and, Ke 


being able to diſcover any difference in the places of theit nodes, conelu 
ed them tobe all in the ſame place, and that their aſcending nodes were about 
the middle of : after. — obſerved them above three twelve 


the plane of jupiters orbit to be 2 55. 


The tables of Caſſini have been corrected by Dr. Halley,s Mr. Pound 
the French Aſtronomers, and Dr. Bradley. d The diſtances of theſe ſatellits 
from the center of jupiter are meaſured by the micrometer; and computed 
either in ſemidiameters,of jup iter and decimal parts, or in minutes and ſe- 


conds of a degree: in the following table the diſtances are ſet dom in both 


thoſe methods, together with the periodical times in Which the fatellits are | 


nenne v. N ee dene en 1. 


3 tm by! 4 os 
de 1, [in gik. 3.697 in minutes 1 Sr Pei r 
iv. ameters of 14385 and ſeconds 7 3h 7 rig F 2 13 
of the 4 jupiter is 25.266 NA $ 16 * 48 


a Lowthorp': phil. n eee Coen n e | 
Cc Memeires A Acad. 1725 M. Caf. elements & aſfronomie, liv. 9. et tables aftronomigue 
d Phil, tram. Cc 22 
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bits of the ſatellits to the plane of jupiters orbit, their excentricities, the po- 8 
lions of their longeſt axes, and the places of their nodes are all ſubject to 


the ſecond part, he propoſes methods of inveſtigating theſe elements, ſuggeſts | 
by himſelf. and others, which he thought confirmed the truth of lis ſuppo- 


odical revolutions of jupiter, he found their 1 latitude or deviation 5 2 
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FIG. 


I 0 a ſpectator in jupiter, every ſatellit, when in either of its nodes, woll 


points, which, to diſtinguiſh them from the true nodes, may be called is 
geuce e l. "I | | 224 


72 


« 


73 


| ſpace in the ſphere of the fixed ſtars: and therefore every ſatellit of jupitet 


72 


73 


according to the order of the ſigns; when a ſatellit is in its inferior ſemicit-. 


orbit of a ſatellit at equal diſtances from each node are called the limits d 


1100 The orbits of jupiters ſatellits are not all in the ſame plane, nor are 
nodes of them all in the ſame place. The plane of the orbit of every ſatelli 
of jupiter extended would cut the heliocentric orbit of its primary in tw 
oppoſite points, which are called he nodes or the true nodes of the ſatellit 
the "aſcending node of a ſatellit is that through which it paſſes in going int 
north latitude; che deſcending node is that through which it paſſes going 
into; ſouth latitude from the orbit of its primary. Two points taken in the 


the ſatellit: theſe points mark the places of its utmoſt deviation from the otbi 
of its primary; all this is eaſily underſtood from what was ſaid of the moon 
deviating into north or ſouth latitude from the ecliptic, F 955. 


appear in the heliocentric orbit of its primary; in every other ſituation, i 
would be in north or ſouth latitude from the orbit of its primary. The plane 
of rhe orbit of every ſatellit extended would alſo cut the ecliptic in two oppoiit 


1101 When the earth is in one of the geocentric nodes of a ſatellit, the plane 
of its orbit extended paſſes through the eye of an obſerver upon the earth; 
and, therefore, if viſible, it would then appear to be a ſtrait line, F 258 and 
265, fig. 72: in every other ſituation of the earth, the orbit of a ſatellit, if vi 
fible, would to an obſerver upon the earth appear as an ellipſis, more or les 
oblong, as the earth is nearer to or farther from the nodes of the ſatellit, $253: 
this ellipſis when wideſt can be but a narrow one; becauſe the orbit of every 
ſatellit is inclined to the ecliptic in a ſmall angle, fig. 73. This ſhews v 
how it comes to paſs that the morions of the ſatellits appear to us to be ſome- 
times in ſtrait lines, ſometimes in elliptic curves. e 

1102 The ſyſtem of jupiter and his ſatellits, though very large in its (elf, 
by reaſon. of its immenſe diſtance from us, appears to take up a very ſmall 


appears to us always near its primary, and to have an oſcillatory motion, 
like that of a pendulum, going alternately, from its utmoſt elongation or great- 
eſt diftance from its primary on one ſide, to its utmoſt elongation or greateſt 
diſtance on the other fide: ſometimes in a ſtrait line, as in fig. 72; ſometimes 
in an elliptic curve, as in fig. 73. | 

1103 When a ſatellit is in its ſuperior ſemicircle, or that half of its orbit that 
is more diſtant from the earth than jupiter is, its motion to us appears dire, 
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CHAP. 7. ; ASTRONOMY 451 
de, nearer to us than jupiter is, the apparent motion of it is retrograde. | Let 510. 


fig, 72 repreſent jupiter with the orbit of one his ſatellits viewed from the 72 
earth ſituated in one of its geocentric nodes; when the ſatellit is in its ſupe- 
rior ſemicircle, its apparent motion is direct, fom à to d, according to the order 
of the letters; when in its inferior ſemicircle its apparent motion is retro- 
grade, from d to a: again, let fig. 73 repreſent jupiter and the orbit of a ſatellit 73 
viewed from the earth, at the greateſt poſſible diſtance from the geocentric 
nodes; the apparent motion of the ſatellit in its ſuperior ſemicircle, is in 
the curve a bed, according to the order of the letters: in its inferior ſemi- 
circle its apparent motion is in the curvedefa. Both the direct and retrograde 
motion of a ſatellit appears quicker, the nearer the ſatellit is to the center of 
its primary; flower, the nearer to its greateſt elongation: in its greateſt e 
elongations it is ſtationary: ſee F 264 and 265. f Bee 
1104 The orbit of every ſatellit, though nearly circular, is not exactly ſuch, 
but an ellipſis, having jupiter in one of its focuſes: the point where the ſatellit 
approaches neareſt to jupiter is called its perijovium; where it is at the greateſt 
diſtance from jupiter its apojovium. The excentricities of the orbits of the 
ſatellits are too ſmall to be obſerved by the micrometer ; that inſtrument will - 
not ſhew any difference between the greateſt elongations of the ſame ſatellit * WW] 
from its primary: nor has any other method, hitherto, diſcovered any of « I 
the three innermoſt to be excentric, though all of them are ſuſpected to be 
{o*, The orbit of the fourth is found to be an ellipſis, the mean diſtance 
whereof being divided into 1000 equal parts, its excentricityis but a little above 
7 of thoſe parts: the apojovium. of this ſatellit has a motion like that of the 
moons apogee mentioned 96 1, but much {lower ; being carried accordin 
to the order of the ſigns at the rate of fix degrees in ten years, 
1105 Every ſatellit when going towards the middle of its ſuperior ſemicir- 
cle may ſuffer an occultation, that is, may be hid from our view behind its pri- 
mary: this is always the caſe of the firſt and ſecond ſatellit; the fourth may 
ſometimes eſcape being hid by its primary, which may alſo, but very rare- 
ly, be the caſe of the third. A ſatellit may alſo diſappear near the middle of 
us inferior ſemicircle, as it goes between us and its primary: for the beſt te- 
leſcopes will ſeldom enable us to diſtinguiſh. a ſatellit upon the diſk of jupi- 
ter, except at its firſt entrance thereon, and juſt before it goes off therefrom. 
In thoſe ſituations, a ſatellit appears like a lucid ſpot, being more directly 
illuminated by the ſun than the parts of jupiter near the circumferenee of 
bis diſk are; for, thoſe, by reaſon of his globular figure, turn away from 


; 


a Memoires d Acad. 1727 & 1732. b-Bradley in notis in tab. e Memoires Þ dead. 1107: | 
che 


% 
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'F16. the ſun, and receive his rays obliquely : ſo as to reflect fewer of them to u 
However, a ſatellit, ſometimes, in paſſing over, appears leſs bright tha 
jupiter; and is thereby diſtinguiſhed from him: this is owing to the ſatelli 


ſerved to paſs over the diſk of jupiter in the form of a dark ſpot; but x but, 


that the ſatellits, at different times, turn different parts of their globes towary 


- us, the brighter will it appear: and, 


_ manner as jupiter was {aid to do, 5 726, and 972. Py 
1106 Every ſatellit, in going through its inferior ſemicircle, may caſt a ſh 
do upon its primary, while it is paſſing between the ſun and its primary; thi 


74 lowing the ſatellit: in fig. 74, let AB cp be the orbit of the earth, Er part 


having ſpots; that is ſome parts of its ſurface are not ſo well fitted to reflec _ 
the light of the ſun. as others are. The ſame ſatellit has, at one time, been ob. 


another time has been known to paſs over it with its light ſo ſimilar to tit I ear 
of jupiter, as not to be diſtinguiſhable from it, by the beſt teleſcopes; exo Mil ;. « 
at its entrance and exit. To account for this, we muſt ſay that, either th 
ſpots are ſubje& to change, as thoſe of the ſun and ſome of the primary pl. Wl h 
nets are found to be; or, if the ſpots be permanent, like thoſe of the moo 


us: it is probable both theſe cauſes contribute to produce theſe appearencs; 
they turn round their own axes; and their ſpots are variable*, From the 
ſame cauſes, both the light and apparent magnitude of the ſame ſatellit is var. 
able: for, the fewer ſpots there are 2 that fide of it which is viſible u 

ce only the bright part is viſible, 1 
ſatellit muſt appear larger, the more of its bright fide is towards our earth; 
leſs, the more it happens to be covered with ſpots on that fide of it which 
is expoſed to our view. The fourth, that is generally the leaſt, is ſome time: 
bigger than any of the reſt: the third uſually appears the largeſt; but fone 
times ſeems the leaſt of them: in ſhort, they are all variable, both in bright. 
neſs and apparent magnitude. A ſatellit may be ſo covered with ſpots, s 
to appear leſs, when detached from jupiter than the ſhadow thereof upa 
his diſk : though we are ſure, by 5 982, the ſhadow is leſs than the body 
that caſts it. To a ſpectator placed upon jupiter every ſatellit would ap- 
pear to go through all the phaſes of the moon 5 97 1: but to the inhabitants df 
the earth they turn the illuminated half of their globes very nearly in the ſame 


would cauſe an eclipſe of the ſun, to a ſpectator placed upon that part of jupiter 

over which the ſhadow of the ſatellit paſſes: the paſſage of the ſhadow over the 

diſk of jupiter may, in ſome ſituations of the earth with reſpect to jupiter 

and the ſun, be ſeen by us with good teleſcopes; either going before or fol 

of the orbit of jupiter, Jefg the orbit of a ſatellit, wherein it moves ac 
a Menire © find 1707 & 1724. | | 

W uvigna Rs 


„en Ar. 7. ASTRONOMY | _ = 
. cording to the order of the letters: when the ſatellit is at , the-ſhadow, of FIG. 
a BY ic vpon/jupiters diſk is at ö; if the earth be then at a, thie ſatellit will appear 74 
lic ar 4, eaſtward from the ſhadow: in this cafe, as the apparent motion of, 
ce doch is in the line abc from à to c, the ſatellit appears to follow the ſhadow- 
* but, if the earth be then at c, the ſatellit will appear at c, and, in that caſe, 
mauſt be ſeen to go before the ſhadow, In the figure before us, when the 
ut WY earth is at p, jupiter is in conjunction with the ſun: when at's, in oppoſition; 

* ſo chat, from conjunction to oppoſition while the earth is going in the ſe- 
ie micircle Þ © B a ſatellit follows the ſhadow; from oppoſition to conjunction, 
. BY while the earth is going in B A p the ſhadow follows. the ſatellit. 
Mn, 1107 Every ſatellit, in going through its ſuperior ſemicircle, may paſs 
« drough the ſhadow of jupiter, or ſuffer an eclipſe, in the fame manner as 
*. che moon does in paſſing through the ſhadow of the earth: this is always' 
the caſe of the three innermoſt ſatellits; the fourth, by reaſon of the larg- 
„bes of its orbit, will, when near either limit, not be eclipſed, nor ſuffer 

0 8 any occultation; for it will not be hid behind the body of jupiter, nor pas 
1 WY over his diſk, nor go through his ſhadow, but will be carried either above' 
10 them, more northward, or below them, more towards the ſouth. The be- 

a ginnings and endings of theſe eclipſes are eaſily ſeen with the teleſcope, 
6 


An S 


Ye... 


when the earth is in a proper ſituation in reſpe& of jupiter and the ſun: 
the entrance of a ſatellit into the ſhadow ſo as to diſappear we call its v. 
merfion: the firſt appearance of it on coming out of the ſhadow is called its 
emerfion. —— Though the ſhape of jupiters ſhadow upon a ſatellit cannot 
be ſeen by the beſt teleſcopes, no doubt, it is circular, as we find the ſha- 
dow of the earth to be in a lunar eclipſe. £25, 224 OP — nnen 
1108 When jupiter is in conjunction with the ſun, or near it, the ſuperior 
brightneſs of that great luminary renders the planet as well as its ſatellits 
inviſible. From the time of jupiters firſt appearing after conjunction 
till near his oppoſition, the immerſions only of the ſatellits are vifible: 
when jupiter is in oppoſition, only their occultations can be obſerved, by 
their going behind, or paſſing over the diſk of the planet: from the oppo- 
ſition to near his conjunction, the emerſions only are to be ſeen. Thus, fig- 


74, if the earth be at A, the entrance of the ſatellit into the ſnadow at 74 


may be obſerved, but its emerſion at cannot be ſeen; becauſe the body of 
Jupiter comes between the eye of the ſpectator and the point g: on the other | 
hand, if the earth be at c, the emerſion of the ſatellit at g is viſiblez but its 

immerſion at F is not ſo; becauſe the point F is hid from the eye by the 
body of jupiter. What is here ſaid is exactly true as to the fit ſatellit, vrhere- 
of an immerſion with its immediately ſubſequent emerſion can never he ſeen 
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FiG. by us: and it is but rarely that they are. both viſthle. in the ſecond; for in 


arder to their being ſo, that ſatellit muſt be near one of its limits at the ſame 
ume that jupiter is near both his perihelion and his quadrature with the ſun; 

as to. {be third ſatellit when Hour is more than 46 degrees fron 
conjunction wich or oppoſition to the ſun, both its immerſions and. immedi. 
agly ſubſequent emerſians are viſible, as abey are alſo in the fourth when 
the diſtance of jupiter from conjunction ot oppoſition: is 24. degrees: thus, 


74 fig-74, let x be part of the orbit of the third or fourth ſatellit, when the 


is at or near A ot c, Wanner 
viſible to us. 
_ - When jupiter is in quadrature wich. the. fan, the earth. is fartheſt out 
the line chat paſſes through che centers of the ſua. and jupiter and thereſar 
the ſhadow of jupiter is then, moſt expoſed. ta our view: but even then 
the body of the planet will hide from us ane. fide. of that part of the ſhadoy 
chat is very near it, through; which che firſt ſatellit paſſes; and this is the 
cauſe chat, though, we may ſee. eicher the entrance af that ſatellit into the 
ſhadow, or its going out-therefram, according as. the earth is fituated on 
the weſt or the caſt fide of the ſhadow; we cannot ſee them both: wheres 
the other ſatellits going through the ſhadow at a greater diſtance from jupites 
their ingreſs into it and immediately ſubſequent egreſs out of the ſame may 
bath be ſeen, when jupiter is in or near his quadrature. 

1109 The duration of an ecligſe is longeſt when a ſatellit is in one of it 
e e ic ebe diomens. of the cen of the Madam: in every 
ather ſituation a ſatellit paſſes over a chord of that circle : the farther the (> 
tellit is from its nodes the leſs is the chord, and the. ſhorter the duration of 
the; eclipſe: the fourth ſatellit, when above 52 degrees from its nodes, by 
reaſon of its diſtance from jupiter, always eſcapes being eclipſed. 
The duration of the. eclipſes of the ſecond and third ſatellits near their l- 
mits is much longer at one time than at another b: this ſhews the znc/rnation 
of abeir onbigs ta be variable; for the ſhadow of jupiter is ſa nearly cylindri- 
cal. that a ſmall excentricity in the orbit of a ſatellit, which carried it 
through. the ſhadow a. litile nearer to the body of jupiter at one time than a 
: -anather, would not cauſe a ſenſible. difference in the duration of eclipſcs: 

and the urmeſt. elongation. of cach ſatallit being always the ſame, ſhews 
 Plainly chat none of them have any conſiderable excentricity. 

_ 21140 M axcentricity bath been hitherto diſcovered in the orbit of the 
felt: ſexellis;. the inclination. of its. rbit; v0 the otbit of jupiter was ſettled by 
Dama: Casa in the laſt century at 2 f, and! the aſtending node of it 


See "what was faid: of the circle- of the earths ſhadow: 5 993. b.. I ad 1729, f 666 
v9 avout 
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CHAP. 7. 5 ASTRONOMY 435 
about the middle of = ; and there does not appear any reaſon to mike ay 
in either of theſe. The /econd is not yet known' to be elliptical, 
though ſuſpected to be ſo®, e e , eee eee RE 
Mr. Dunthorne, who has compared together a very great number of ob- 
« ſervations, communicated to me the following particulars, as the refult of 
« that compariſon ; that the aſcending node of the ſecond ſatellit ſeemms th be 
«hour the 5 of =, and to be at reſt: that the inclination of its orbit va- 
« ries from 2 pd to 3* 52, was leaſt in 1668, greateſt in 1715; and ſeems 
ty have made one revolution and an half during the intermediate years. 
That the orbit of the third hath a very ſmall excentricity, ſcarce fo much 
«2a 5 ep excentticity of venus: that irs apyjouium in 1928 
"was near the 1oth degree of v, and moves forward about three figns in 
« co years: that, in the year 1727, the aſcending node was in 16% of 2, 
and moves forward about 8* in 60 years: that the angle of the inclination 
« of its orbit to that of jupiter, in the year 1695, was 3“, and has been in- 
* creafing ever ſince; and ſeems as if ir would get to its maximum about the 
«year 1765, and would be then about 3 24. That the orbit of be fourth 
te ſatellit is a little more excentric than that of venus: that, in the yeat 
« 1728, its apgjovium was in 12 30 of *, and moves forward about 2 
4 in 100 years: that, in 1730, the aſcending node was in 13 or 14 of 2, 
te vety near the place where Domenico Caſſini had found it 66 years befote: 
«that the inclination of its orbit is about 2 40, and does not ſeem to vary 
t 2bove one or two minutes either way. e ee 
1111 The periodital times of the ſatellits have been given already F 1099; 
but they are Jubje# to ſore inequalities which require 2quarzons; that 1s, 
ſome minutes muſt be added to or taken from the times of their canjutiatorts - 
with jupiter according to their mean motions, if we would have the true ties, 
in order to predict their eclipſes: one inequality is owing to the mutzel 
gravitation of the fatellits towards each other, and has irs of about 
437 days: in that time the three innermoſt fatellits return into the fame fi- 
tuation in refpe& of one another; this irregularity is (mall in tbe firff, 
ſmaller in the third, not perceptible in the fourth; but very confiderable in 
the ſecond ſatellit; ſo that, without this equation, it may ſome rites deviate 
from its place by calculation 10, 20, 40, or even 40 minutes in titre V. 
Mr. Dunthorne, makes the greateſt deviation to be 34 tninures.” . 
1112 Another inequality ariſes from theſe two cauſes, that the progreſs of 
light is not inſtantaneous, but, though inconceivably ſwift, takes ſome tithe in 


a Bradley in ti ad tabb. fuas. b Brad's, Bhd, V 
4 r 
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FIG. paſſing from one place to another; and that the earth varies her diſtance 


from jupiter, by going round her annual orbit: thus, immerſions more and 
more anticipate their times by calculation, as the earth approaches to jupi- 
ter; and: emerſions appear later and later after their times by the tables, 


74 hen the earth is going farther off from jupiter: in fig. 74, while the earth 


is going from p to a, from A to B, ſhe is approaching nearer to jupiter, at 
4 Aſhe is nearer to him than at p by the line Aa G equal to s p a ſemidiameter 
of the orbit of the earth; and an immerſion that happens then will appear 8 
minutes ſooner, and when the earth is come near to B; ſhe will be a whole 
diameter of her orbit B D nearer to jupiter then ſhe was at p; and an immer- 
ſion that happens then will appear 16 minutes ſooner than it would have 
done had the earth continued at p: on the other hand, in the ſemicircle 
o the earth is receding from jupiter; and, an emerſion when the earth 
is come to e will be ſeen about 8 minutes later, and when the earth is 
advanced to p 16 minutes later than if the earth had ſtaid at B: to make 
this, more caſily apprehended, we may conſider the firſt ray of light from 
the ſatellit that reaches our eye upon its coming out of the ſhadow as 4 
meſſenger, that brings us word of its emerſion; and the laſt ray of light 
which comes from it before it goes into the ſhadow as one that gives no- 
tice of its immerſion. If a. perſon were to travel with news from London 
northward, at the even rate of 5 miles an hour, it I ſtaid at Cambridge, I 
ſhould receive any meſſage that he brought in 10 hours after his ſerting 
out; if I went 5 miles towards London, I ſhould have it in 9 hours: but 
if J went 10 miles towards the north of Cambridge, he muſt travel 12 
hours before he could reach me. See the velocity of light more accurately 
determined from the aberration of the ſtars, F 872. 

1113 From the progreſs of light being thus i in time, it neceſſarily follows 
that all the heavenly bodies appear to us not in the places where they are at 
the time when we obſerve them, but where they were ſome time before; 
and this interval of time between their being in a place and being ſeen there- 
in is greater, the greater their diſtance is from the earth: thus we obſerve 
the ſun in the meridian, when he has really left it 8 minutes before our 
viewing him there; for fo long time does light ſpend in travelling from the 
ſun to our earth: thus a ſtar may appear to us in the zenith, or ſome other 
point in the heaven, whereas thoſe rays of light which this moment enter 
our eyes and ſhew it us there may, by reaſon of its vaſt diſtance, have been 

emitted from the ſtar ſeveral days, or even weeks before. From hence this 
paradox may be verified that, if the ſtars were to be this moment extin- 
| * we might continue to oo. them ſome days, or even weeks and = 
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This has occaſioned ſotne writers upon this ſubject to ſay that, in the immenſe 
expanſe of ſpace, the diſtance of ſome ſtars may be ſo great, that their light 
has not, yet had time to reach our earth, though they were created ſome 
thouſand years ago: as to that, if a ſtar were at ſuch an unmeaſurable diſtance 
a8 is here ſuppoſed, it muſt be quite inviſible to us, even with the beſt te- 
leſcopes; for ee nan dt 1 1 inal Ai e ene 
eye unaſſiſted by glaſſes. ena c c 2613; u ee 

1114 The beginnings and dig of the eclipfes fi jupiters belli are in- 
ſantanecus; and therefore of great uſe to aſcertain the different longitudes of 
different pla ces, ſee ᷓ 313 and 314: this they do more accurately than eclip- 
ſes of the moon, ſee 9 998: the. firſt ſatellit is the moſt proper for this pur- 
poſe; by reaſon of the greater velocity of its motion, and the frequency of 
its eclipſes: in order to be exact in our obſervations, the length of the tele- 
ſcope made uſe of and the conſtitution of the air ſhould be mentioned; for, 
though, at an immerſion, a ſatellit diſappears in an inſtant, and, at an emer- 
fon, comes into view at an inſtant, theſe inſtants of time are not preciſely 
te fame to different obſeryers: at an immerſion, a ſatellit in going into the 
ſhadow ſeems to grow leſs and leſs, till the bright part is too ſmall to be ſeen 
by dhe teleſcope made uſe of: at an emerſion, a ſatellit appears very ſmall at firſt; 
23 ſoon as ſo much of it is come out of the ſhadow as is ſufficient to make it 
riſible by the teleſcope through which it is obſerved; and then grows gradu- 
ally larger, till it is quite clear of the ſhadow: the better the teleſcope is the 
later is the immerſion, and the ſoonet is the emerſion obſerved; a ſmall dif- 
ference between teleſcopes will not make a ſenſible difference in the times of 
them, if obſerved 1 in the ſame place: whereas, when obſerved in different 
places, the air in one place may. be. io much clearer chan-in the oaier-av-9 
make a ſenſible difference in the times; not to mention the difference in the 
eyes of different men, by reaſon nnen ba 
by one which is inviſible to another. 

1115 Nic. deÞ1ſeandhisbrother at Peterſburgh, obſerved che lame immer. 
on of the firſt ſatellit, one with a tube of 1 5 feet, the other with one of 205; 
and through the longeſt teleſcope. the immerſion appeared g̃ or 6 ſeconds in 
time later 1 by the other: the difference between a tube of 13 feet and 
one of 15 they found to be 3 ſeconds: between a tube of 13, and one of 201 
the difference was 10 ſeconds: and a Newtonian reſlecting teleſcope that 
magnified above 200 times, ſhewed the firſt ſatellit at an immer ſjon 1 I ſeodads 
"or than it could be ſeen by a tube of 13 or 15 feet: other obſervers 
fund a difference of 5 or 6 eee 
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 he-chought was in part owing to cho-difference in their eyes. Comments, to 
Arad. Petropolitan. vol. 1. ann. 1726. tio 
8 r hi dilie wichs eſt aellle, before an immecBion, or rather tu 
before an occultation, ſeemed to adhere for ſeveral ſeconds to the edge of il 
diſk: What I tranſlate ſeconds is in the original minntu; but! 
think it ſhould be read minure ſecunds. That the difference of the air wil 
cauſe a difference in the times of immerſions or emerfions'is certain, from 
what Maraldi obſerves, thatthe difference in longitude between Greenwich 
und the obſervatory at Paris comes out greater from immerſions than fron 
emerſions of the firſt fatellir ; this IRE He 00 hes! air bein 
6 Fark abode. * 
und à difference of 30 ſeconds between the times of the fame 
2 
16; and this was for a rule, hereby to eſtimate what allowana 
could be made for teleſcopes of a different focal length: Hiſt. I Acad. 1720 
But teleſcopes of the ſame length may be of different goodneſs, ſo that one 
will ſhew an object chat cannot be 'ſcen by another: there muſt therefore 
be ſome little in this affair, what ever caution we take; the 
beſt way of coming as near the truth us poſſible in aſtronomical matters i 
e ee eee ere nN 
1116 If che cime of an mme e een be bew böte for the ns 
Ascensia dm e Me the fats is biived in fo 
other place turned into degrees minutes and ſeconds by 5 316, gives the di 
Ference in langitude between thoſe two places: thus, if an immerſion, by the 
the tables, falls out at 1a at night at Greenwich, and the ſame be obſerve 
at ſome other place the longitude whereof is unknown, at 30 minutes aft 
den ar night, that place” is diſtant from Greenwich: in longitude 22 30 1 
weſtward. 
be longitude of many places upon the earch has been ſettled, ſometime ” 
by the tables in the way juſt now mentioned; but generally by the mort 
exa& method of obſervations actually made in different places: and this; 
the uſe of obſerving continually as often as opportunity ſerves immerſions and 
emerfions of the ſatellits of jupiter, eſpecially che firft, at the great obſer 
reer Paris, Pererſburgh, dr 
itudes whereof are known ; and publiſhing from time to time collec- 
— ſueh obſervations: thus, for example, if a perſon has noted dow! 
„ ee Os Pu uote ny: * 
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CHAP. 7. ASTRONOMY 459 
to Europe, finds the time of the ſame immerſion in a collection of obſerva- 
tions made at Greenwich, he may know the difference between the long 
tude of the Cape and that of Greenwich. 

1117 J have mentioned before, 9 1114 ſome difficulties in ſettling the 
exact time of eclipſes or occultations of the ſatellits; I ſhall only add that 
long teleſcopes are beſt, but if they be expoſed to a ſtrong wind the obſer- | 
vation will be uncertain: that the twilight or bright moon light, as they ren- 
der ſmall ſtars inviſible, will alſo prevent the ſatellits of jupiter being ſeen 
ſo ſoon at an emerfion, or ſo late at an immerfion, as they would be in a 
dark uncloudy night: yet, notwithſtanding all the little errors to which the 
oblervatians of theſe appearances are liable, they furnih us with the beſt 
method hitherto known of determining the longitudes of places upon earth; 
on whieh account they are well — Po pains it hath coſt aſtronomers, 
and thoſe pains have been more than a lietle, in their endeavours to bring 
the tables of the motions of the ſatellites of jupiter, nen of the ue; 
o the utmoſt perfection of which they are capable. 1 2t074 Ut 
By this method, geography has e e meet ad ey 
W ee eee Nane e grrat errors in our maps are correct 
; for inſtance, the moſt remote places in the eaſſ and welt Indies were 
en 5 or 30 degrees nearer to us than they were before: thought to 
de the Cape af Gaod Hope to-be. 7 or-8 degrees more weſterly than ir was 
wile gear aig Ds Hawes, Mo Rep .. * WAL 
amact. n. 1 me 
by French aſtronomers have, by this mocked, ond oct: 

le a correct map of France: it would certainly be well wonth the white 
o have the like done for Great Britain, at the expenct of the public; eſpe- 
ly to have the eoaſts carefully laid down: eee eee 
den ifland, but of all thoſe, parts of the world to which we frequently fail; 
this would render navigation much more ſafe and certain than ic is at pre- 
ſent, and preſerve many lives that. are now loſt: and indeed if the coaſts at land 
are not well determined, it is of little uſe to be able to find the longitude 
at ſea: thus for inſtance, if I were bound to Barbadoes, it would not 
de of any ſervice, to know at ſea. my ee om eee i Rogen: 
nothing of the fituation of og | | 
1118, As zo finding the longituds at ſea. by the fracllins, of japizes,, they way 
de ſeen very well with a tele ſeope of 6 or 8 fret, and, when the ſea is 
heir immerſions ande mar ſions may be obſerved aboard. a; ſhip under lber 
perhaps ſome perſons, by frequent practice, might arrive at r 11 2 
OH xrv. per MA. de d Condamine; - Mem: d Head. 1142. © 
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it, as We find ſome come to a dexterity in ſhooting flying that others never 


can attain: what ever uſe can be made of obſervations of the ſatellits at ſea 


with tables of their motions, muſt be liable to the errors of thoſe tables; 2 
well as to errors in taking the height of ſtars, to determine the time of night 


in the ſhip where they are obſerved, in order to compare it with the time 


in the, place for which the tables were calculated: the time of night at ſe 
is found by the latitude, and the height of a ſtar the right aſcenſion and de- 
clination of which is known, 9788: the latitude is found by 8 568: the 
286, in this method, tables calculated, ſup- 
poſe for Greenwich, are inſtead of another obſerver at Greenwich; the table 
are not yet brought to ſuch perfection as to be depended upon equal ly with an 
actual obſeryarion ; but they have this conveniency that they may be conſult 
ed immediately before or after the obſervation at ſea, whereas an account 
of the. actual obſervation ; at Greenwich could not be had there, time enough 


to be of any uſe: they are alſo uſeful and mera to Infoces us when to 


look for immerſions or emetſions. W 

1119 If a clock aboard a ſhip tet to the time.of day at a placnecm which 
the ſhip. is departing, ſuppoſe London, could be made to keep equal time 
without any variation, it would continually ſhew the time of day at London, 
in what place ſoever the ſhip were; and then, in order 70 find the In- 
gitude at ſea nothing more would be requiſite, but to find the time of day 
or night aboard the ſhip, by the ſun or ſtars, 58 788: for the difference be- 
tween the time ſo found and the time by the clock, in hours minutes and 
ſeconds, turned into degrees minutes and ſeconds, would ſhew the longitud: 


from London. 5 3 12, 313, 316, 317. The common clocks are ſubject 


to ſo great irregularities from change of weather, heat and cold, drynel 
and moiſture, beſides the rolling of the ſhip, that they cannot be depend 
ed upon at all, in a long voyage, to keep the time they ſet out with: I hare 
ſometimes thought that ſeveral clocks and watches made of different m 
terials and upon different principles might correct one another, ſo that th 
mean between the exceſs and defects of them all might be the time required: 
but there is a clock and watch of a new conſtruction invented by Mr. Harriſa 
now upon tryal, that is thought to n fair for keeping time at ſea, i 
all weather and in all climates. 


1120 Ifa clock, the motion whereof is regulated by a pendulum, be made 


to keep equal time ever ſo well, aboard a ſhip, it will do ſo only while tht 
ſhip continues in the ſame latitude; for, if it be carried nearer to the equat0, 


it will go ſlower, if toward the poles it will go faſter; ſo that, in the fir 


caſe the pendulum muſt be lengthened, in the ſecond caſe it muſt be — 
ene 
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ened, to make the clock keep time, 5 448. v. Neuron. princip. pag. 384. 
edit. 2. Cantab. 1713. No mechaniſm can be contrived to prevent this, 
inconvenience, during a voyage at ſea: the only remedy for it muſt; be, 
by a calculation, to find what allowance is to be made for the change 
of latitude; and this I think is imptacticable, except that change were made 
regularly, which never is the caſe: in a ſhort voyage, or where there is 
not great change in the latitude, a clock that kept time would be of very 
great ſervice to find the longitude at ſea. The oftener there are opportuni- 
ties of going a ſhore at places the longitude whereof is known, in order to 
correct the clock, the better. If a watcli-<ould eee 
time at ſea, it would not be liable to this defect. 

An error of vn minute in the time, whether taken from a clock or und 
by any celeſtial obſervation, will, under the « equator, cauſe an error in the, 
longitude of 15 geographical miles, 5 3 163 in our latitude of 5a degrees, the 
error will be about 9 miles, 5 484: an error of 20" in time would cauſe, 
ii under the equator, an error in che longitude of 5 miles in our .latitude, 
ich of about 3 miles: and ſo on in that proportion for ſmaller errors in the time. 
* 1121 In order to determin the real magnitudes of the ſatellits, their appa- 
n, rent diameters have been compared with' the apparent diameter of jupiter, 
. by obſerving the time a ſatellit takes between its firſt appearing to touch 
a the edge of chat planets diſk and its being totally entered thereon; or the 
time between its coming to touch the fartheſt edge and going entirely off 
from the diſk, and comparing one of theſe. intervals with the time the cen- 
ule BY ier of the ſatellit ſpends in paſſing over the middle of the diſk : this obſer- 
ration is liable to uncertainty; by reaſon of the ſpots which'vary the appa- 
nel rent diameters of the ſatellits, and is otherwiſe ſo difficult to make, that 
end Maraldi owns he attempted it without ſucceſs; but gives us ſome obſervati- 
ons of this ſort made by Dom. Caſſini, by which it appeats that; in coming 
on or going off the diſk, the firſt and ſecond ſatellit took, up each a 
twentieth part, the third ſatellit about an cighteenth part of the time that 
they reſpectively ſpent in croſſing over the diſk: near the center: as to tha 
forth, Maralki conclodes from the tables it is about 1 5 minutes in going on; 
and 5 hours in crofling the diſk : this ſhews the diameter of the third ſas 
tellic is to the diameter of jupiter as 1 is to 18; the diameter of each 
of the other three as 1 to 20 the ſame Caſſini, finding the apparent dia- 
meter of jupiter in his peribelian 50, from that, and his diſtance from 
the ſun compared with our earths diſtance, computes the diameter of 
Jupiter to be e r ern p. er nie 

1033 IF: - diameter 
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_ diameter of a 3 half the diameter of the earth: the third is 2 
little bigger than any reſt. Mem. 4 Acad. The a nt dia- 
meters of che ſatellits are meaſured by this be wich greateſt exael 
when they are largeſt: for, as the bright part only is viſible, a ſatellit is ſeen 
in its true dimenſions when clear of ſpots; and will appear to be longer i in ma- 
king its entrance upon the diſk of jupiter and its exit therefrom, than when the 
fide turned towards us hath ſpots upon it: thus, the ſame ſatellit which at on 
time ſpends 10 in its entrance or exit, at another time takes no more than 
in the ſame: the fourth ſatellit was once obſerved'to take up but half the 
uſual time in making its exit: this was thought to be owing to its having 

a ſpot upon it that covered half its diameter. Mem. & Acad. 1734. All he 
 fatellits appear leſt hen near jupiter: their light is enfeebled by his ſuperi 
or luſtre, as as chat of the ſtars is by the nearneſs of the moon. 
. © Coſſni ſuſpected the firſt fatellir to have an atmoſphere; becauſe the ſhi. · 
dow of it eould/not be ſecn, when he was ſure it ſhould have been upon the 
diſk of jupiter, if it had not been ſhortened by its atmoſphere, as is the caſ 
F 9963. ee 7 1. 2. c. 1, 


Remarks upon CHAP. 7. 


1122 Te of the eclipſes of the ſarellits of „. 
eaflcy tobe knownin erden ek bi of em are theſe x, the timesof 
their revolutions round jupiter: 2, the time of jupiters revolution round the 
fun: 3, the time of the carths annual revolution: 4, the diameter of jupi 
ter and of his ſhadow: 5, en en: 6, the 
places of the ſatellits nodes: 7, the inclination ef their orbits to the orbi 
of jupiter: the firſt of theſe, the periodical times or mean motions of the 
Grellirs are found by their conjunctions with jupiter; thus, if two conjundi- 
ons of a ſatellit with the center of jupiter conſiderably diſtant in time be 
 dbſerved, and the interval between them divided by the number of the 
Antermediate revolutions, the quotient will be the time of one revolution: 
the moment of the conjunction of a ſatellit is the middle of irs eclipſe, a 
occultation: 'the midde of an or occultation is found by obſerving 
the moments of the beginning and ending thereof: the conjunction of the 
fourth ſatellit, when it neither ſuffers an eclipſe nor occultation, but paſs 
nanth a0 08s Hola Dok tha. dal and faldewy-.of Jupicer, - may be obſerved 
immediately, by the croſs hairs in a teleſcope: 

Schaum, in all theſe obſervations, the motion of the earth and of jupitt! 
during the imermodiace time muſt be taken into the account. 
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center of jupiter, at its utmoſt elongation, with the micrometer : when the 
diameter. of the orbit of one of the ſatellits is known, the diamerers of the reſt 
are found by this analogy, the ſquares of their periodical times are as the cubes 


of their diſtances from their primary: ſee $90 and 914. Other methods'may 


be ſeen in Caſſini, elements d'aftronomie l. 9. c. 3; The teal diftance''of 
the firſt ſatellit from jupiter is computed to be nearly equal to the diſtance 
of the moon from our earth*: the apparent diameter of jupiter is given 
og and 112 1: the diameter of the ſhadow differs not ſenſibly from that 
of the planet; eſpecially in the place where the firſt ſatellit paſſes through 


it: the nodes of a ſatellit are found by thoſe eclipſes or oceultations chat are 
of the longeſt duration, for then the ſatellit paſſes through a diameter of be 
ſhadow, or of the diſk: the inclination of tbe orbit of a ſatellit is diſeo- 
vered by an eclipſe or occultation of the ſhorteſt duration; compared wih 
one of the longeſt; for, as the time of the longeſt eelipſe is to the time 
of the ſhorteſt, ſo is the diameter of the ſhadow of jupiter to the chord 
thereof deſcribed by the ſatellit, in the ſhorteſt ecliple;z from whence be 7 
diſtance of the chord from the center of the ſhadow, or the inclination m 


be found. v. Caſſini ibid. When the fourth ſatellit, in its conjunction, 


. = . - : * FA . 9 9 . a 25 5 258 1 8 

both the ſhadow and diſlł of jupiter; the diſtance of it frum the center of juß : r 
* 8 2 e A al 

r 


ter may be meaſured by the micrometer; and the angle of inclination found. 
1124 In the five following 
piter and the circle of his ſhadow and part of the orbit of a ſatellit, as they 
would appear to us if viſible: the circle of the ſhadow. is no otherwite viſible 
to us than by its effect, making the ſatellit to diſappeat all the while ir is 


paſſing through it. Fig. 75 and 76, repreſent. a ſateſlit going into che ſha- 25 . 
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1123 The revolutions of the earth and jupiter are known by 5915: the di- is · 
ameter of the orbit of a ſatellit is found by taking the diſtance of it from the 
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figures, 1 have given perſpedtive views of u- 
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dor at @, and coming out of it at 5: here both entrance and exit are viſible; 76 


and che duration of the eclipſe may be: obſerved diredtly. Fig: 25 exhibirs 7 
by the interpoſition of his body; in! this caſe, only che entrance of the u- 


tellit at a can be ſeen. Fig. 78-ſhews jupiter with part of his ſnado on the 78 


of jupiter and the entire orbit of the fourth ſatellit, in a ſituation wherein it 
neither falls into the ſhadow nor paſſes over the diſſc of jupiter: 

ſhews the ſame ſatellit paſſing through the edge of the ſltiadow, and 
ing a partial eclipſe, as obſer ved by Fo Caſſini mem. 1713. * 1 b 44) 
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eaſt fide; here only the exit of the ſatellit at 5 is vifible. Fig; 79 ih 4 view 79 1 5 
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ſuch a manner that the diſtance between the innermoſt 
the body is equal to the breadth of the ring. M biſton in his memoirs of the 
of the life of Dr. Clark, relates the Doctors Father to have feen 
that ſpace between the planet and the ring; and thought he was the only 
perſon who had eyer happened to ſee a fight. that muſt be very rare; for 
that opening, though in reality e eee by reaſon of its 
great Gildange, appears extreamly fiall to us, 920 


en ar. 8. run RING or SATURN: : 118 MOONS OR SATELLITS. 


up dam is 88 wich a broad chin ting the edge of which re- 
 flets little or none of the tuns light to us; the planes of the ring reflect the 


light of the ſun in che ſame manner as the planet does: if we ſuppoſe the 
diameter of ſaturn to be divided into 3 equal parts, the diameter of the ring 


is about 7 of thoſe parts: the ring is detached from the body of ſaturn in 
edge of the ring and 


a ſtar through 


1126 Galileo was the firſt who diſcovered an y ching ancomabon'i in ſaturn: 


; through his teleſeope he thought he ſaw that appear like two ſmaller 


globes on each ſide of a large one: in the year 16 10, he gave out his diſco- 


very in a latin ſentence, the meaning whereof was that he had ſeen ſaturn 


with chree bodies; but the letters of the ſentence were tranſpoſed, 


00 keep his diſcoveries ſecrer for ſome time, leaſt ſome other perſon ſhould 


pretend to the ſame. - After viewing faturn in this form for two years, hc 
was ſurpriſed to ſee him become quite round, without his adjoyning globes, 
for ſome time, and after that appear again in his triple form, as before: and 


no ſaturn was obſerved by ſeveral other aſtronomers, ſome of whom, for 


want of good glaſſes, or of ſkill en whes they fav; publiſhed figure 
not very like what he 


through a good 
1127 About 40 years after Galiles, Hugens, having: greatly del 


che art of grinding object; glaſſes, firſt wich a teleſcope of 12, and afterwards 


with one of 23 feet that magnified the object an 100 times, (whereas that of 
Galileo magnified but about 30 times,) diſcovered the true ſhape of ſaturns 


ting; and in 1659, publiſhed his Hema ſaturnium, wherein he explains all 
appearances 


the 


thereof, in a method that is now 


y thought ſatiſ- 


factory: from chat treatiſe, and from what . 


2 ſophical-tranſaRions, and the memoirs of the royal academy, what her 


follows of the aſtronomy of ſaturn is chiefly compiled. 


1128 If we had a vie y of ſaturn and e 


81 one of the planes of the ring, we ſhould ſee them as in fig. 81; but our eye 


is never elevated ſo much above either plane as to have the viſual ray ſtand 
at 
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at right angles to it: our eye indeed is never elevated more than about 30 
above the plane of the ring: for the moſt part we view the ring 
at an oblique angle, ſo that it appears of an oval form, the outward cir- 
cular rim is projected into an ellipſis, as is alſo the inner rim, more or leſs 
oblong according to the different degrees of obliquity with which it is 
viewed, § 285: ſometimes our eye is in the plane of the ring 
and then ſaturn appears round: the ring is then. inviſible,” either becauſe 
the outward edge is not fitted to reflect the ſuns light towards us, as 
Hugens thought; or becauſe it is ſo thin as to be too ſmall an object to be 
ſeen by us at fo great a diſtance, as was Dr. Furin's opinion. See his eſſay 
upon diſtinct and indiſtinct viſion at the end of S mitb's optics p. 154. 
1129 The plane of ſaturns ring in every part of his orbit, is parallel to 
it ſelf in evety other part of his orbit. The plane of ſaturns ring makes an 
angle with the plane of his orbit of 31. The plane of ſaturns ring produ- 
oed to the ſphere of the fixt ſtars, cuts his heliocentric orbit in two oppoſite 
points, which are called the nodes of the ring. The places of the nodes are 
about 20 of 1 and . It cuts the ecliptic alſo in two oppoſite Points, at 
16* 4 of 1 and X: its inclination to this kr at is Jr 20. A 
Mem. dq Acad. 17 15. 

1130 As ſaturn paſſes from the erde to the deſcending node of his | 
ring, the northern fide of the rings plane is turned towards the ſun, as he 
paſſes from the deſcending to the aſcending node of his ring, the ſouthern 
fide of his rings plane is towards the ſun. To make faturns'ring viſible to 
us, the ſun and our eye muſt be both ſufficiently elevated above the fame ſide 
of the rings plane; the ſun to enlighten the ring,” and our eye to receive the 
light reflected from it. When faturns heliocentric place is in either of the 
nodes of his ring, the plane of it produced paſſes through the ſun : when he 
is within 33 30” of a node of his ring, the ſun is not ſufficiently elevated 
above the plane of it: in both theſe caſes the ring, not being illuminated, is 
inviſible, though our eye be ſufficiently elevated above its plane. When 
ſaturns heliocentric place is near either of the rings nodes, though more diſ- 


tant from it than 33 300, if our eye be either, 1. in the plane of the ring 


produced, or, 2. elevated above the dark fide of the rings plane, or, 3. tou 
litle elevated above the enlightened fide of the rings plane to have the rays 
of the ſun reflected to us in a ſufficient quantity to make the ring viſible, in 
all theſe caſes ſaturn appears round. In every other part of his orbit, the 
ring will appear to us an ellipſis, the ſhorteſt diameter whereof will be long- 
er, the farther: ſaturn is from the nodes of his ring. Hugen. Syſtem. Saturn. 
Wien ron. left. 19. Greg. aftron. p. 392. Phil. tranſ. abr. v. I. p. 365. 

1131 
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710. 1131 Since the heliocentric motion of ſaturn is about 1* in a month, and 


the limits within which his ring diſappears for want of the ſuns light are 
1*7 i. e. 33 30 on each fide of cither of its nodes; ſaturns round phaſt 
would continue above a month, though our eye were all the while Tak 
ciently elevated above the plane of the ring. Since ſaturn may be ſtationary, 
and retrograde, if ſeen from the earth he be coming to one of the nodes of 
the ring near the end of his direct motion, his round phaſe may laſt about 
months and that ſometimes without interruption. Maraldi, mem. an. 1715. 
1132 When ſaturn appears round, if our eye be in the plane of the ring 
the edge of the ring will appear as a dark line, croſs the center 


of the planet: if our eye be elevated above the plane of the ring, there wil 


be viſible croſs the middle of the diſk a ſhadowy belt, cauſed, 1. by the ſhi 
do of the ring, 2. by part of the ring, which is then obſcure, coming be- 
tween our eye and the planet. The rings ſhadow is broadeſt, when the ſun 
is moſt elevated, the obſcure parts of the ring appear broadeſt, when our 
= is moſt elevated above the plane of che ring. Saturns ring ſeen through 

cry long teleſcope ſeems to be divided into two concentric rings: that neareſ 
his body is the Caffim ap. Lowth. Tranſ. Vol. I. p. 367. Pound, a. 
Jones Phil. Tran. abr. v. IV. p. 322. Hadley Phil. Tranſ. ann. 1723. n. 276 
1133 When ſaturns ring appears an ellipſis, the parts about the ends of 
che longeſt axis reaching beyond the diſk of the planet are called the arſe". 
The an/e, a little before and after the rings diſappearing, are unequal in 
magnitude: the largeſt an/a is longer viſible, before the planets round phaſe 
and appears again ſooner after it than the other. A. D. 1714. act. the 1. the 
largeſt anſa was on the eaſt fide: ad. the 12. che largeſt anſa was on the 
-weſt fide of faturns diſk : this makes it probable the ring has a rotation 


round the planet. As the ellipſs of the ring, grows narrower, the an/z ap- 


pear ſhorter; their extremities diſappear firſt, either becauſe of their narrou- 
| I ps ec "rig. a0 lo bright, chun 6 
inward. Maraldi mem. d Acad. 1715. 

1134 The 83 figure copied from Hugens, is a perſpective view of the 
orbit of the earth, and the orbit of ſaturn, with the ſun in the center of them: at 
4, b, c, d, &c. is exhibited ſaturn, with his ring continually parallel to it (el, 
during a chirty years revolution through his orbit: at the correſponding capi- 
tals A, B, e, D, &c. are ſhewn the various forms under which the ring appez!s 
90 us: _ worn: mon] is in "op allnbng node ofthe ring 63 &, he ap- 


we OR hh rs, „ „ 
um as 4 globe with to ſmall knobs on each fide : the ſame name is continued, though improper non 
the true ſhape is known. I 
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pears round, as at A; the ring being then not viſible: at 6 the ring appears as FIG. 
at B, at c as at c, &c. an ellipſis very narrow at firſt, with the ends of it 
ſharp, but growing continually wider, till ſaturn arrives at f, a quarter of a 33 , 
circle from the aſcending node of the ring; there the ellipſis appears as at v, 
the wideſt that it ever can be; and from thence grows gradually narrow- 


er, A e of it ve the 2% per per and per all the way 


to the deſcending node of the ring at i, where the ring again diſappears, and 
we again view ſaturn round, as at 1: from thence, during the other half of 
of ſaturns period, we ſee the ring appear as an ellipfis wider and wider, till 
he is gotten 90 degrees from the deſcending node, where it is again at the 
wideſt; and then becomes gradually narrower, till its n difoppearing | 
at the aſcending node at a. 

1135 It is very eaſy to ſee by the figure that, while ſaturn is going through 83 
one half of his orbit, from 4 through 5, c, d, &c. to i, the northern or upper 
ſide of the ring is illuminated by the ſun; but, in going through the other half, 
from i through #, J. m, &c. to a, the ſouthern or lower plane of the ring re- 
ceives his light: it is evident alſo from the figure that, when the ring is in 
either of its nodes, the rays of the ſun fall upon the edge thereof, and, when 
near the nodes, they fall upon one of the planes of the ring with great obli- 
quity, and conſequently throw very little light thereon; and that, the 
farther the ring is from its nodes the ſtronger is the light upon it: for ic 
then falls u dara 2 and therefore {acurn then appears brighteſt 
to the EB oh 

3 err 
we have at all times nearly the ſame view of him, as we ſhould have if we were 
at the ſan; only, when ſaturn is near either of the nodes of the ring: the 
earth may be ſo fituated, that our eye may be either in the plane of the ring, 
or elevated above the dark ſide thereof, or too little elevated above the en- 
lightened fide of it; in all which caſes we ſhall fee no other part of the ring 
except what is between our eye and the body of the planet, and that will 
appear thereon as a ſhadowy belt, even though the ſun ſhould ſufficiently 


enlighten vpe ene bee e e ae nr Fer e 4 


1137 The four following Syares taken fram Mavens, Sew ran wid 
his ring in different forms; they are not inverted as they appeared in the te- 84 
leſcope of two convex glaſſes, but in their true poſition: in fig. 84 the ring 
is a very oblong ellipfis, the ame narrow, the ſhadow of the ring ſouth 
from or lower than the longeſt axis of the elliphs; the planet being then 
PFF 

or 
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i e ina a. font penn and appeared as in fig. 85, the ring 
85 being then inviſible. In fig. 86, the ring is a narrow ellipſis, being lately 
96 paſt the deſcending node, the ſhadow of the ring now north from the long. 
87 eſt axis:-fig. 87 the ellipſis wider, and fig. go at the utmoſt width, the ſha- 
86 e rr. 
89 Fig. 89 is from a drawing I took by an excellent 12 foot teleſcope be- 
longing to Pemb. Hall, but having omitted to ſer down the date, I cannot 
now tell how many years ſince: by the form, it muſt have been while ſaturn 
was going from his aſcending towards his deſcending node, the fartheſt half 
af the ring is not ſo bright as the neareſt, the different parts of the planet 
are a little differently illuminated, I believe I took it as it then appeared to 

99 me, when my eyes were much better than at preſent. Fig. o is as ſeen in 

Mr. Hadleigh's reſlecter, exhibited in the Phil. Tranſ” n. 378: that learned 

» gentleman, upon my aſking him whether the planet and the ring appeared 

” as diſtin@&as in the figure engraved, told me, if the paper were placed at the 

diſtance of 5 or 6 feet, it; would mo eyes of the common fort. give a very 

good repreſentation of what his teleſcope ſhewed him. 

51139 Saturn bath fue moons or ſatellits, which, continually going round 
him according to the order of the ſigns, accompany him in his thirty years 
revolution round the ſun: eee eg Pep 
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"B09: „ The diſtance of the fourchcommonly called the Hagenian alli wa 

—— meaſured by Pound, with a micrometer fitted to the teleſcope 

of above 120. feet, given by Hugens: to the royal ſociety, and, from the 

and diſtance of chat, the diſtances of the reſt were computed as above 

Phil. franſ, abr. vol. IV. p. 329. Smiths optics vol. II. p. 444. Halley di 
ebelis ſovellit, ſaturn. Caſſini elem. d aftronomie |. 9. c. 7 & 8. 

1140 The orbits of all ſuturns ſatellits, except the fifth, are nearly in 


| the fame plane, which makes an angle with de plane of fawrns orbit of 
1 about 
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about 37. They coincide wich the plane of ſatürns ring extended eserß, 
way, and therefort tho fatellits appear to move in ellipſes fimilar to tho ei- 
inks of the ring; or in ſtrait lines, when the ring, if viſible, would appear 
ORE by reaſon of its plane extended paſſing through the eye of a 
upon the earth Thee orbit of ſaturns fifth ſatallit makes an angle 
— of its primary of 130 F. Mem. d Acad. ann. 1717. Tha lou. 
gitude of the aſcending nodes of all ſaturns ſatellits, except the fifth,” was | 
A D. 1714, determined by J. Caſſai to be in 20% 26 2 | 
of the aſcending node of ſaturns fifth ſatellit to be in 35 2 of we. A. 
i Acad, 17 17 | The orbit of the fourth ſatellit is excentric; the line of its 
FP Fares, ON" 
P- 371. en 133347 
1147 Many particulars obſervable in the {atellics of jupiter, as their apprat» I 
ing to move in ſtrait lines or elliptie curves, to be direct, ſtationary, and 
recrograde, &c. aro applicable 80 che fatellim of mauern, and therefore need 
not be : there is ulſo the fame analogy as eo their periodicalitimes 
ind diſtances mentioned h 1123: eee neee 
ire as the cubes of their diſtances. 13% Glilland Io 
1142 The 'farcllits-of Hrurn have their orbin inclived-eo:the erbition 
their primary in ſo great angles, that they cannot paſs eroſt hein primary, | 
ot behind ir, or through the ſhadow, when near their godes; and 
therefore they moſt very rarely ſuffer eclipſes, or ocoultations; In FL yon 
abr; v. 4. p. 321. an ccculeation of dhe fourth behind the body of j,, 
related from Mem. d' Acad. R. 171 5. There is curious obftrviden'of D. 
Cafini, mentioned in the Memozrer of the R. Acad. of the year r692, of a 
fxr ſtar being covered by the fourth ſatellit of ſaturn, 0g for about 13 
minutes they appenred xs one ſtar. 078 Nan 
1143 The Garelits ef fetorn base beck Gſcovered,” 6 | 
poſe they would be, the largeſt firſt, and the leſſer ones afterwards, as ele- 
ſcopes were brought to yreater degrees of ' perfection : | ' [the * 
fourch which is the Target, was firſt feen by Hagens, in 165%; w m 7650. | 
publiſhed a table of its mean motion: che other four were ull diſcovered "by 
Dom, Can, two of them in 1671, the other two neareſt to faturt un! 
the leaſt not till 1686, and chat with tubes of 100 and 146 feet; Gough, 
after being better acquainted with them, he could fer chem with u tue ef 
44 beet. 2 re 5 


88 de la lum. Cale u. 25. ] Call, Mem. Head." am, ms, 3 1 
Pound ap. Jones Phil. tranſ. abr. — & 329. 
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FIG. of the motions f ſaturns\ſatellits, may be ſeen in the: Phil. tranſ. abr. vol. IV, 
in Caffe: elements Toftronom. vol. II. and in Hatley's tables publiſhed 1749, 
1144 The fifth ſatellit of ſaturn, or the moſt diſtant one from him is ſome. 
Limes in che eastern part of its orbit, not viſible; tough ſought for in 
place where it is kno n to be, and where at other times it is to be feen with 
thei ſame glaſſes: this is 'accounted for, by ſuppoſing that this ſatellit i; 
ſome, times covered with ſpots, and at other times free from them; or, 
if the ſpots upon it be permanent, n ee found: its own 
axis. Mem. M Acad. 1914. Pbil. tranſ. abr. v. I. p. 368, 
1145 Saturn has two belts diſcovered by very long teleſcopes, parallel w 
F —— by the dark edge of the ring when the 
appears round: theſe belts are rectilinear, when the ring appear 
91 . 925 and conſequently, if the ring coincides with the plane of ſaturn; 
cquator, they are owing to clouds ſurrounding that planet, at a conſiderable 
diſtance, and floating in the atmaſphere, which ſeems to extend beyond the 
circumference of the ring. Mem.:d' Acad. 171 5. J. Caſini, elements d aſtron. 
2 4146 Dom. Caſini ſuppoſed the ring of ſaturn might be a great number 
of ſatellits revolving round him ſo near to that planet and to one another as to 
make the interval between them imperceptible, by reaſon of their great di- 
tance from us: this opinion ſeems to me ſo improbable, that I ſhould not 
have thought it worth mentioning, 730 %2".ady Vang 7 bane wy Sn 
an: aſtronomer ;- a deſſre of accounting for appearances the cauſes whereof 
are far out of our reach, ene 
e bene gage fx 715. 
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1147 r bog Any og 2th af blow py, 
way unknown before the invention of teleſcopes; they were firſt obſerved in 
the year 1611: whether Galilen at Rome or Scheiner a German jeſuit at I1- 
goldſtadt had the firſt. view. of them bath. been matter of controverſy: but 
chis is certain that, though Scbeiner firſt wrote ſome letters upon the ſubjcd, 

wich were. printed in the year — feigned name of .4pellr 


1 All joft tabulem, alluding to the flory told of that celebrated painter, that he uſed to expoſe his hie 
tures to public view, and ftard behind them out of fight, 1 as paſſed o them, U 
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Galileo, in the year following, publiſhed a little piece wherein he ſhewed 
many miſtakes the then unknown author of the letters had fallen into, 
whom however he treated with great civility, and at the ſame time gave 
ſuch an account of the ſolar ſpots as falls very little ſhorr of being all that is 
at preſent known of them *. As the uſe of the teleſcope was then pretty well 
hows; it might eaſily happen that theſe two aſtronomers, fo far aſunder, 
rewed the fun at the fame time, through that intrument, wichour ons know: 
ing what the other had done; however that might be, they afterwards AC- 
caſed one anocher of plagiarſind. Schemer, many years after, in his Roa 
Urfina, a pompous work in folio of four books, employed the firſt book 
entirely in clearing himſelf of the aſperſion, and retorting it upon his ad- 
verſary; and he is by ſeveral writers of his own order e mentioned as firſt 
in the diſcovery: but then on the other hand, in à ſubſequent edition of 
all Galileo's works, the editors reprinted with them Scbeiners letters, on 
purpoſe to expoſe the errors therein, and produoed atteſtations of ſeveral 
learned men in favour of Galileo s pretentions to priority; in one of which 
it is roundly aſſerted that Scheiner never etected his teleſope to view the 
ſun r hat infortied Hin chit Gobi had difooraren 
ſpots upon that luminary d. d $64 
Scheiner's Roſa Urfina, though prolix and tedious, ' ns ſothe merit; for, 
having, as he ſays, in his hands above 3000 obſervations made by himſelf 
and other mathematicians to whom he had recommended the affair, he pub- 
liſhed ſuch" as he thought moſt "uſeful, corrected the errors he bad before | 
embraced, and ſettled pretty exactly the inclination of the axis of the ſun to 
the ecliptic, and the poſition of his poles. © Since that time the ſolar ſpots 
have drawn the attention of aſtronomers in various Peru of D 4 ſhall 
here give the reſult of their obſervations, | 92 
1148 ————— of the Bite: ſpots: che diffe- | 
rence is chiefly in ſuperficial extent of length and breadth, their depth or 
thickneſs is very ſmall: ſome have been ſo large as, by computation,” to co- 
ver as much of the funs diſk as all Aſia and Africa; or even the ſurface of 
the whole earth would do, if laid thereon e: and ſome have exceeded five 
times the ſurface of our earthf. The diameter of a ſpot, hen near the 
middle of the diſk, is meaſured by comparing the time it takes in p 
over a croſd hair in a teleſcope with the time wherein the whole di ae 


— d; Galen inte alle macthie folari jm Romact613\ 016 — 


atenuta alla titubazion lunare. in ,optica,, Taquet, afronm. . 
Regnault, conver /at N AM Pb ah in Firenze. 17 18, tom: 2. P. 224. 
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_ fun paſies over tim ſame hair t it may alſd be meaſured by the micrometer: by 
either of theſe methode, we find how many times the diameter of the ſpot is 
contained in the diameter of the ſun, - Spot ace fuljech to inet or dim 
nation, und feldem. cominue Jang of the-ſame magnitude. 
1140 The folar ſpots are of various hopes : in es 
deap black nuleu¹ ſurrounded by a duſky cloud, whereof the inner parts next 
che black ate a little brighter than the outſkirts: they thenge rbeir ſhapes, 
ſomething in the manner that our clouds do, though not oſten with ſo ſud- 
den changes: thus, | What is of a certain figure to day ſhall, to morrow, ot 
perhaps ia a few hour be of a different one what is now but one ſpot ſhall, 
in a little time be ſeund broken into two or three, and ſometitnes two oc three 
s (hall. cnaleſee and be united into one. The author of this work, many 
years ſinec, While he: was viewing che image of the ſun caſt through a tele 
| ſcape-upan white paper, aw one roundiſh ſpot, by eſtimation, not mech leſ 
in diameter than dur cart, break into two, which immoediatly receded from 
ate ancher- with a. prodigious velocity: this is a thing which I have not 
met wick mentioned by any writer as obſerved - while it was actually 
age Mongh Wan innnenios of i ing takes notice. of afer.« 
has been done. 
1150 The auler of ſpots upon che ſun i is. very macertain: — 
are a great many, ſomerimes. very few, and ſometimes none at all: 
Scheiner obſerved from 1611 to 1629; Cy quite 
clear of ſpots, except a few days in degember. 1624+ at other times, be 
frequently ſaw ao, 30, and in the year 162 5 he was able to count above 50 
ſpots upon the ſun at a time. In an interval aſperwards of 20 years, from 
1650 to 1670, ſcarce any were to be ſeen: ſince that time, ſome years have 
furniſhed a number of pots, and ſeveral years, have been quite without: 
"bur fince the beginning of che laſt century not a year hath poſited wherein 
there have not been ſame ſeen; and ar preſent fays Caſini, in his Element 
A. Aftrenomie printed 1740, they are ſo frequent, chat the fan is ſeldom with- 
ent ſpots, and ofen a good number of chem at a time. From what 
has been ſaid u & maniſaſt dat abe Oler pots obſerve no regularity, in 


_ their, are magnitude, -pumber, vr in the time of ithair nee of 


continuance. . 

2 161 The gars af che Gan are act Hane bvture died or dil 
ed and diſappear ; this is contrary to the doctrine of Ariſtarle and his follow- 
| Bm the-heavenly bodies are not ſubjeR to generation or decay: 
| Tpots Taft, amm days, others are very ſhort lived: Hrvrſius obſerved 
onde that aroſe and vaniſhed in N n 
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70 days: thoſe ſpots char are formed gradually are gradualty diflolved; ; thoſe 
that ariſe ſuddenly for the moſt part ſuddenly va#iſh.* When a ſpot 
pears, that part where är was ſituated generally becomes br — 
reſt of the ſan, and continues fo ſeveral days: on the other hand, theſe brig 
parts, which are called: facule, ſomewdmes turn eo ſpots. g 024 -OBID at 
1152 The folar' ſpote appear to have a nh, which carries them crofs 
the diſk of the ſun: every ſpot, if it continues long enough without being 
diffolved, appeate to emer the dill of the fan «pon the caſt de, to go from: 
thence wich à velority continuatly till it has gone half its way; 
and then to move flower and flower, till it goes eff at the weſt fide of the 
diſc: after which, it difappears for abost the” ſatne {pace of time, chat it 
ſpent in croſng the diſk, -and chen enters upon the eaſt fide again, neatly in 
the fame place, and crofles it in the ſume track, and with the fame 
notion as before. This apparent inequality u the motion of the ſpots is 
optical, and — — — 
. ella contends wills Shag or 
near to the eye uf a peftacor upon che earth ': ſee $ 26, 266. In reality 
then, — — upon che ſun, but adhere to his 
ſurface, or float in his ammoſphere, very near his ; for if there be 20 
ſpors or facule upon him at à time, they all keep in the fame ſituation im 
eſpe of ane another, and, ſo long as they laſt, are carried round together 
in the fame manner : 1 ————— hat 
otherwiſe we ſhould not have en dar er ee wen, and bas 4 
retation round his own/axis. 8 i OTE 


1153 . the pen fe pos mentioned 7149, 
Wer on nnd no Pn and b owing'to 
their being nden upon a globe aifeteny turned towards us: if we itbagin 
ier ks forfice aff 
paſſing through his poles and cutting His "aft, Nane theſe 
ciccles, which we may call meridians, if — if bare! 
„„ Nes pe ed . 
and reach from one meridan to another, W 
aaly at g, "hen it wot in the ene of tr blf ofthe gate hich K to- 
wards our carch, for chen we view che full extent of 1 ** in auen ugh 
in every other place, it turns away from us, and ap 
of rhe ſame length, "he farther Bir che wüde; A er at its ogra 
ei ©d going off at n ir appears a8 Tall "as 4 thread, rhe thin ed Nes 
to tat eee Re,” Phis apparent change of the nage in — 
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aft longer than one chat, In the year 1676, eontineed upon the fan'above 76. 
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716. is another proof that. the ſun is a globe, and that the ſpots adhere to the 
. exrrind: coped thevoan,; nnen 
waffe. very. acgr his fuß. 

1154 The rotation of the fun 8 we . 
and poles, and cheir ütustion: as alſo his equator, or a circle imagined to 
be drawn upon that luminous globe equally diſtant from his poles: e may 
alſo. imagin leſſer circles drawn thereon parallel to his equator. 

The rotation of the ſun is according to the order of the figns: that is 
any point, upon the ſurface of chat vaſt globe turns round ſo as to look 
ſucceſſively at aries, taurus, gemini, &c. which is alſo the way that all the 
primary. planets are carried round the ſun, though each of them in a plane: 
little different from all the reſt; as was ſhewn $638 :/ here alſo we are to 
obſerve that, the plane of che ſuns equator continued does not coincide with 
the. heliocentric orbit of any of the planets, but cut every one of them in 
a ſmall angle: it is neareſt to coincidence with the orbit of venus. 
1155 The ſun being a globe at a great diſtance from us, wealways ſee near- 
ly; half of that globe at a time, $ 241, but the vifible half is continually chang- 
ing, by the colon of the fon, and the revolution of the darch in her bi. 

To ſpeak accurately, we do not ſee quite half the ſuns globe at a time, 
we want ſo much of it as che apparent diameter of the ſun amounts to, 

Which, at his mean diſtance, is about 32 minutes; ſo much is the diameter 

of the invĩſible part of the ſun greater than that of the viſible part: for this 

reaſon, nn io viſible 

v. Caſſini, Mem. dq Acad. 1701. ng. 

1156 As the earth revolves round the fun the fame vay wich tbe fuw 

n 
93 chan it would appear if it were viewed by an eye at reſt: thus, fig. 93, let 

BCD: be the orbit of the earth, #bcd the-equator- of the ſung let a be a ſpot 
ben in the middle of the dif. by'a upon the earth at A: the ſuns 
rotation, carrying the ſpot round through 4c 4 according to the order of the 
letters, will in about 25, days bring it again to 2: bur, during that interval, 
the earth will be got to n, and the middle — then at 5: fo 

dat about. two! days more muſt be ſpent before a ſpectator upon the earth 

r This 
| F en 

Nee C $.95P-i. 


time between the entrance. of a ſpot po the diſk and its exit 
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difappearing, returns again gives the whole time, but not with 
becauſe the ſpot may perhaps not keep all the while exactly in che fare 
place, but may have fome floating motion of its oπ¼πnn pon the ſurface 
of the ſun: there are not many inſtances of ſuch returning ſpots; Scheiner 
bas not above 3 or 4 among his multitude of — Dorm. Caſſini, 
uking notice that ſeveral ſpots had often appeared in the ſame parallel, 
thought ſome particular places of che ſun might be more diſpoſed than 

others to ſupply the matter of thoſe ; and; if ſo that they would not 


move far from the place of their origin, juſt as the ſmoke of inount Etna, if 


it could be ſeen” from the ſun, would always appear to return tothe ſame 
place upon the diſk of the earch, every 24 hours, very nearly; ſometimes a 
little ſooner, ſometimes a little later, according as theiſmoke was dtiveng by 
an caſt or weſt wind, from the place of its eruption: in conſequenoe of this 

ſuppoſition, he compared ſeveral large intervals between the appeatandes of 
ſpots-carried-in the ſame parallel, which he judged to be returns of the fame 


ſpots, ariſing out of the ſame place on the ſurface: of the ſun; and fon 


that 27 days 22 hours and 20 ſeconds was a common meaſure of thoſe in- 


tervals, very nearly: chis therefore he thought to be the periad moſt! pro- 
per to be taken for an 
quently for the rotation of the ſon, as ſeen from the earth. Theſe obſer. 
vations. were made in may and april, nearly in the ſame time of the year; 
and therefore aue not much affected by the inequality-of the earths motion. 
bra — — Caſſini, Mem. d Acad. i = 0! 
The time of che apparent revolution of a. ſpot being known; the true 
time of its going round upon the ſun is thus found: in fig. 93, che are 4c; g3 
which in the month of may, the earth goes through in her orbit in 25 days 12 
hours and 20 minutes, is 26 degrees and 2a minutes: the arc 4 is equal 
to Ac, by 5 31: the apparent revolution of a ſpot is the whole circle abcds 
or 360 with the addition of the are 40 of 26 2: which makes $86" 22' + 
ſay then, as 386 2½z is to 25d 12> 20, ſo is 360 to 2 50 15 16% the trus 
line of the rotation of the ſun, as it would be ſeen from a fixt ſtar.” © op i 
1158 The angle of interſection between the planes of the ſuns'i 
and the ecliptic- is but ſmall; Scheiner ſays he never found it more'than'8? 
nor leſs than 65, he therefore ſettled it at 1 Reſa Urſin. p. 5 56. 7. Coffin i 
makes it 7 v Smith's optics v. II 41. 2613 e 140 30! 85 — Mi 
The plane of the ſuns equator continued cuts the ecliptic in two oppo 
te points; the 8 of N and the 8˙ of 2: theſe points are*callet? the nodes 
of the ſun. Two points in the ecliptic 90 from the nodes, 
of 30 may bo called tho limits. When che earthy ic in either 


of 


/ 


preciſion; x16; 


revolution of the ſolar" ſpots, and conſe- 
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ſtteait line, hy $258: and, by reaſon of the vaſt diſtance of the ſari from us 
D rr 
of the earth, the ſans equator and parallels, if viſible, would ap "ug 
ſes by $ 4573 and theſe clips grow! wider the farther the earch i from 
nodes; and are wideſt, hen the earth is in one of the limits. 
4159 In the preſent age, on the 18, of may. the carth is in the 8* of t, 
ons pf the nodes of the ſup ; and, -conſequently,: che ſuns equator and paral 

94 lels, if viſible, would appear as ſtrait lines, fig: 94x from: that time, the ſun; 

equatar: and every parallel begin to appear as half: of an ellipſis convex o 

ſwalling towards the ſouth, and growing every day widet, to che 20t 0 

95 auguſt, where it is at che wideſt, 65 in ſig : 961 the earth being then in the 

87 of, x, one of che limits : immediately after the apparent curvature of the 

fans. cquator and parallele continually decreaſes, to the 39th of november, 

when they again appear ns ſtrait lines; the karch being in the other node, 

96 the $of N, fg 96: from that time, the equator of che ſun and parallels be 
come elliptical, coavex towards the north, their curyagure continually increal- 
ing, to che 15 of fedruary, when the earth is arrived ut the other limit, in the 

97 82 of; and cheir carvature is again at sg. 97: from thenceſoi 
* 
equator of the ſun and che parallels again become ſimit linea. 

1160 Every {po is carried rund the fun in his oquator, einn pal 
therefore tho apparent motion of che ſpos ap tha ſun is roctilinear, every 
eat, in may and agyenber.; ad which times che ſuns equator onda 

ne 
| parent motion of the ſolar ſpots is elliptical. b:-prmads 1h | 

Scbalium. When in. is dd dhe apparent notion. of hes upon the d 
che. ſun is;xcRilinoar, the mraning is that it is not ſenſibly otherwiſe; for, 
eee 
one of ſuas nodes: as the planes of the ſuns equator and parallels inter- 
ſect the eclipeic, i after the eatth is paſſed from a node, our eye 
begins to be elevated above the planes of the ſans equator and parailels, and 
che apparent paths of the {pats become elhptic. nor do we ſee a {por more 
in a true fer any canſiderable times but, by che contiaual chang: 
in.the cltvation. of our cher the apparent fach cf G ye, every fubſequ 
moment. becomes u part. of a different elipiie, | bo ank: 
116 On che 180 of mag. and the 10 uf govembee, when the earth i 
94 4 one of the, nodes of the ſun, che notch ꝓule aſ aha ſun n and the ſouth 
95 —— — 6. 94K 95 — 
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every parallel divided into two equal parts by the plane of bergen Ft 710. 
5. H 1155. From may to november, the north pole of the ſun» is upon the vi- 
vible diſk, fig. 95: then che parallels are divided unequally, ſo that, there is 9 5 
more than half oſ every 2 parallel, leſs than half of every ſouth parallel 
upon the. viſible. diſk 5. and conſequentiy, during that half year; every ſpot 
in a north parallel is viſible more than half the period of che ſuns rotation 
every, ſpot in a ſouth, parallel, is viſible; leſs than half that period: on the 
other hand, from november to may, the ſouth pole af the ſun's is upon the 
viſible diſk, fig. 97: and every ſpot in à ſouth parallel is viſible ard than g7 
half the period af the ſuns rotation every ſpot in a north parallel is viſible 
leb han balf that period. The difference between the time of a ſpot being 8 | 
viſible, and the time of its being hid behind the fun, ariſing from the une- es. 
qual diviſion of the parallels by the plane of the diſk, is greater the nearer 
the earth is to one of the limits: leſſer the nearer the earth —— 
of the ſun. As the earth does not move uniformly in her orbit; but ſlo wer in 
aphelion, quicker in perihelion, this will make a difference · in the 2 — 
motion of the ſolar ſpota; the difference ariſing from this cauſe * 4 
in an apparent revolution, U ni ene len en ren 12511 C 46 
1162 The 92 figure ſbeing the orthographic pr ion of eri grew 92 
at equal diſtances upun the viſible half of, — it may be thought 
thoſe meridians would ſhevy the apparent diurnal motion of the ſpots; ſo that, 
for example, a ſpot which to day at noon is in the meridian marked wit u, 
ſhould to morrow at noon be in the meridian marked with v che next diy 
in that. marked with c, &c. but Scheiner ſays, that, caſting the ſuns 
upon paper through the teleſcope, the diſtance between the plate of à ſpot 
at noon any given day, and the place of the ſame at noon the day ifrimedi- 
ately preceding or the day immediately following will be greater, when the 
ſpot is near the circumference. of the diſk, than; to the orthogra- 
phic projection, it ought to be: this deviation of ſpots, he thought owing to 
the refraction of the glaſſes in the teleſcope being greater near rhe circunife- 
rence than in the middle: be was confirmed in-this opinion, by finding thut, 
if ſpots were obſerved by letting the ſun ſhine — urns Foo 
a glaſs upon a white; paper: held at a good-diftarice. from dhe hole, im a dark 
room, their, places would then be every day according to the orthographic 
projection: but this method of opſerving che ſolar ſpots he ſound was attend 
ed with great: difficultiea. Roſa Ly I.. Ci. ot % 191265 eg 
1163 Sabeinen has antther proof that ne deviation ofithe a 
the orthographic Se js cankel by, the different refraQian-of the pla- 
ſes * W by — EN — 
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710. in a thin plate of braſs 12 ſmall holes at equal diſtances, 
98 placing ae place before the falt in a ſhore let the a 
receiving the 12 bright ſpots upon a paper held ſo as the rays of 

the ſun might fall perpendicularly thereon: eve alfo he found the diflenc: 
between the bright ſpots near the outſide were greater than between thoſe 


BOOK 3 


in fig. 98, and 


7 


BC 


QC fo ACE : 


in the middle; whereas when he received them upon paper without any 
glaſſes, the ſituation of the bright ſpots exaily correſponded to that oft 
{mall holes in the place. 


1164 The face of the fun, when clear of ſpots, ſeen by the naked eye 
through a ſmoaked or coloured glaſs, or through a thin cloud, or the vapour 
near 'the horizon, appears all over. equally luminous; but, when viewed 
through the teleſcope, the glaiies being ſmoaked or coloured, beſides the dif. 
ference between the fac and the other parts, the middle of the diſk ap- 
pears brighter than the outfkires : the light is darted from the middle more 
directly towards us than from the fides: any faculæ appear more diſti 

near the fides, as being upon 2 darker ground there, chan on the middle. 
1165 — — adhere to the fon, or to 
—— —j—— 
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| | by the other (. The ters 
cn of ow nou the equi of ths ens aorta of hl 06 Y 
are more diſtant from iti. b 
166 . about the mature and Sormation of th ? 
ſolar {pots*. Same have thought char the fan i an opabe bady, mounnain- Wi © 
ous- and uneven as our -carth is, covered ll ver with a fiery tuminou Wi ' 
fluid: that this fluid is ſubject to ebbing and flowing, after rhe manner of 
oor - tides; ſo as ſometimes to leave uncovered the nope of rocks or hilk, 
: r a arr entrada 
cauſpd by a kind of froth. 0 iT 
. dhe nid which fends' us fo rauch light wi 
heat conmins a rien, or Mid globe, weivcacin, are ſeveral volcanoes, thi, 
like Raus or Vie, from time to time, caſt forth quantities of bitumi 
nous matter up to the farface+ of the fun, and form thoſe ſyots which 
n. P 
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by the luminous fluid, the ſpots diſappear for a time; but are ſeen to riſc 
again in the ſame places, when thoſe vulcanoes caſt up new matter.. 
A third opinion is that the fun conſiſts of a fiery luminous fluid, wherein 
are immerſed ſeveral opake bodies of irregular ſhapes; and that theſe bodies, 
by the rapid motion of the ſun, are ſometimes buoyed or raiſed up to the 
ſurface, where they form the appearance of ſpots; which ſeem to change 
their ſhapes, n nme 
to our view. | 

Tho leſt opinion 1 Grail menten is, het the fem conifls'of a Bd itch. 
tinual agitation ; that, by the rapid motion of this fluid, ſome more 
groſs than the reſt are carried up to the ſurface of that luminary, in like 
manner as ſcum riſes on the top of melted metal, or any thing chat is boil- 
ing: that theſe ſcums, as they are differently agitated by the motion of the 
fluid, form themſelves into thoſe different ſhapes which we ſee in the folar 
ſpots; and, beſides the optical change, mentioned 5 11 53, grow larger, are 
diminiſhed in their apparent recede a little from or a 
nearer to one another, and are at laſt entirely diffipated by the concinual ra- 
pid motion of the fluid, or are conſumed thereby, or abſorbed therem. 
1167 The funs has been mentioned, and a ſhort deſcription 
thereof given, in the firſt volume of this work, 5 762; bir Iſaac Newton, 
in his optics, p. 318, has ler us know what his ſentiments were upon this 
ſubject, in the modeſt way of a query, in the words following, 

« 9y. Do not great bodies conſerve their heat the longeſt, their parts heat- 
te ing one another, and may not a great denſe and fixed body, when heated 
beyond a certain degree, emit light ſo copioufly, as by che emiſſion and 
„action of its light, and the reflections and refractions of its rays within 
© its pores to grow ſtill hotter, till it comes to a certain period of heat, fach 
"—_— of the ſun? And are not the fun and fixed ſtars great earths vehe- 

mently hot, whoſe heat is conſerved by the of the bodies, and 
By ear giv gene or thr. and the light which 
"emit, and whoſe parts are kept from fuming away, not only by their frx- 
410 but alſo by the vaſt weight and denſity of the armoſpheres incumbent 
upon them, and very ſtrongly them, and condenſing the va- 

Eng mo eo ai from ther? For if water be made warm 
"in any pellucid veſſel cmpried of air, chat water in the vacuum will bubble 
and boil as vehemently as t would in che open air in a veſſel fer upon the fire 
till it conceives a much greater heat. For the weight of the incumbent at- 
 noſphere keeps down che vapours, and hinders che water pom boiling, 
- until it grows much hotwer than ig cent de make it belt Hr vacuo 
3P2 « Alſo 


/ 


480 1 5 ASTRONOMY: | ' BOOK" 57 
Alſo a mixture of tin and lead being put upon a red hot iron in vacuo emits 
4a fume and flame, but the ſame mixture in the open air, by reaſon of the in- 
cumbent atmoſphere, does not ſo much as emit any fume which can be per. 
te ceived by ſight. In like manner the great ie of the atmoſphere which 
«lies upon the globe of the ſun may hinder bodies there from riſing up and 
going away from the ſun in the form of vapours and fumes, unleſs by 
« means. of a far greater heat than that which, on the ſurface. of our earth, 
« would very eaſily turn them into vapours and fumes. And the ſame great 
weight may condenſe thoſe vapours and exhalations as'ſoon as they ſhall 
«ar any time begin to aſcend from the ſun, and make them preſently fil 
back again into him, and by that action increaſe his heat much after the 
cc, © manner thar i in gur earth the air increaſes the heat of a culinary fire. And 
< the ſame weight may | hinder the globe of the ſun from being diminiſhed, 
8 unleſs. by the. emiſſion. of light, and a ory _ ene of vapoun 
«and exhalations.” : | 44 
1168 To the ſuns acmoſphere may 10 a the mne luminoſa, or the 
— — path, an appearance diſcovered by Doin. Caſſini, in the ſpring of 
the year 1683 whereof; he gave a ſhort account in the journal des ſcavan; 
of that. vear, and a more particular one, after ten years obſervation of it by 
himſelf and Fatio, in a treatiſe printed in 16932. This light which is ſome- 
ching like the milky way, or that of the faint twilight, or the tail of: 
comet, thin enough to let ſtars be ſeen through it, ſeems to ſurround the 
ſun in the form oſ a lens the plane whereof is nearly coincident with the plane 
of the; ſuns equator: it is ſeen ſtretched along the zodiac, and accompanies 
the ſun in his apparent annual motion through the twelve ſigus: each end 
terminates in an angle of about 2 17: the extent of it in length from the ſun 
to either of the angular points varies from 50 to 100: it reaches beyond 
the orbit of venus, but not ſo far as the orbit of the earth: the breadth of it 
near the horizon is alio variable, from 12 to almoſt 30* : near the ſun, where 
it may be reaſonably ſuppoſed to be broadeſt, it cannot be ſeen ; this light is 
weaker in the morning when day is coming on, than at night when darkneſs 
is increaſing, and diſappears in full moon light, or in ſtrong twilight, and 
therefore is not at all viſible at midſummer, in places ſo near either of the 
poles as to have their. twilight all night long; but may be ſeen in tlioſe places 
both morning, and evening, in the middle of winter; as it may all the year 
round, 1n Places near the equator :- in north latitude, it is moſt conſpicuous 
© after the eyening twilight, about the latter end of february; and, before 
11 twilight, at the beginning dg Herr for at 
W ett ob | . cos 


G 


— — — 


4 
* : 


. 


5 


2 —— "Iz —— — 


—  —— ——— 


* 
* 3 


5 
58 


\ 


* - 


2 89 * * " * 
ö 23 4 * + I ** 2 


en Are Sk ASTRONIOMY Y | 481 


from the thick vapours and the twilight. Beſides the difference of the. ral 
extenſion of this light in length and breadth, at different times, ita is di- 
miniſhed by the nearneſs of any other light” in.the'ſky: not to / mention 
char the extent of it will be differently — neee ere . 
according to the different goodneſs of their eyes. e om 
Caſini, enquiring into the cauſe of this appearance, -mentions-firltichariie 
might be owing to a great number of ſmall planets ſurrounding. the ſun, 
within the orbit of venus; but ſoon rejects this for a more probable ſolution : 
namely, that as, by: the rocation of the ſun, ſome groſs ſubſtances are caſt up 
upon his ſurface, whereof ſpots and nebuloſities are formed ſo the great 
rapidity wherewith the equatoreal parts of that luminary are whirled round 


finer texture, of ſufficient denſity to reflect light: now, that this ligiit is 
cauſed by an emanation from the body of the ſun ſimilar to that of they 


end of the year 1688, when this light began to grow we 


there: and that the great inequality in the intervals between the times of the 
appearance of the ſolar ſpots has ſome analogy to the irregular returus of 
weakneſs and ſtrength in this light, in like een eee the 2 
of the air, and of the darkneſs of the Kk xx. ie nette 
1169 Caffini was of opinion that chis light in che! | as it 17 1 
to great increaſe, at one time, and great diminution at another, ma es 
times become quite imperceptible: and thought this was the caſe i in 12 years 
1665, 1672, and 1681, when he ſaw nothing of it, though he then furvey- 


other years. He cites 
that make it probable it had been ſeen in former and latter ages; but had 
not been enough attended to, or the nature of it examined into; it had 
been taken for the tail of a comet, or part of the twilight, or for a meteor of 
ſhort continuance: and he was fully convinced of its having appeared for- 
merly, by a paſſage in an Engliſh book of Mr: Childrey s pt inted er 
wherein this luminous appearanoe is deſcribed in the words following: 

There is ſomething more, that we would recommend n 
"of the mathematicians; namely, that in the month of february, ang lie- 
"tle before and after it (as J have obſerved for ſeveral yeuts )-abogtifix a 
ee een when the right b. ann in debe, 

5 


may throw out to a conliderable diſtance a number of particles f a möch 


de chought was mads'probable by the following'obſervaribn,” that after ne 


+ 


peared upon the ſun z whereas, in the preceding — — l 


. * my. Bu. ? „ 


hoſe times it ſtands moſt erect above che horizon and is therefore:clareft 


FL 
- 


ed with great attention thoſe parts of the heaven erhefe, dctbrding «to iS 
theory, it muſt have appeared, if it had et deen © vibe . l in ets 
paſſages our of ſeveral authors both ancient and modern. 


— 
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710. * path of licht cending from che twilight towards the pleisdes, and rouchin 
them as it were, preſented it (elf very plainly to my fight. This path i 
< to be ſeen whenever the weather is clear; but beſt of all in a night when 
the moon does not ſhine.” And a little after: © I am apt to believe that thi 
*% has been formerly, and will hereafter appear always at that 

« abovementioned time of the year. But the cauſe and nature of it, I cannot 
«<< much as gueſs at; and therefore leave it to the enquiry of poſterity.” 
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CHAP. 10. BELTS AND SPOTS UPON THE PRIMARY PLANETS: THEIR 
ROTATION ROUND THEIR OWN AXES: THEIR SHAPES. 


| 1170 Whether ſaturn has a rotation round his axis or. not has not ben 
certainly diſcovered ; ſome of the ſpots and obſcurities ſeen upon him have 
been mentioned before, 5 1132 and 1145, and are ſuppoſed to be owing to 
the dark edge of the ring, the ſhadow of the ring, or. ſhadow of clouds floa- 
ing in his atmoſphere. In 1683, Dom. Caſſini and Fatio, faw a bright ſtreak 
upon ſaturn, which was not permanent as the dark belts are, but was viſible 
r ̃ è mms Jo aew nee ht 
edge of his diſk : this induced Coffin: to think he might have a rotation, 
whereby different parts of his body were expoſed to our view: if there be no 
rotation, this piece of a bright belt muſt be ſubje& to change: that the re- 
volution of his ring round his body is probable, has been already obſerved, 
n that we can 
hardly hope to know much more of it than we do. 
99 1171 The belts of jupiter are dark broad ſtreaks that appear croſs his diſk, 
100 fig. 99, 100, 101, 102: 10 called becauſe they girt the body of that planet quite 
101 round: they are not to be ſeen but by an excellent teleſoope: Ricciolus men- 
102 tions Funtana and two other Neopolitans as the firſt that diſcovered them:; 
but Dom. Caſſni was the firſt that gave a good account of them® ; the number 
of them is variable, ſometimes eight have been ſeen at a time; at other times 
not above oned:; are parallel to one another, though not al- 
ways ſo, for, a piece of a belt has been ſeen in an oblique poſition to the reſt 
101 eee for, one belt has been obſerved 
to be grown a good deal narrower than it was, when a nei belt has 
been increaſed in breadth, as if, being a fluid, one had flowed into the other*: 
in favour of this opinion, a part of an oblique belt was obſerved to lic ſo 3 
x02 to form a communication between them, fig. 102, At one time, the belts 
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have continued without ſenſible variation for near three months; at anocher vic. 
ume, a new belt has been formed in an hour or two. | 

1172 On the gt of may 1664, Dr. Hook, with a good 12 foot teleſcope, ob- 
ſerved a ſmall ſpot in the biggeſt of the three obſcure belts of jupiter, and 
obſerving it from time to time, he found that within two hours the ſaid ſpot 
had removed from eaſt to weſt, about half the length of the diameter of ju- 
piter a. Near one of the belts, the largeſt and that ſeen moſt frequently, 
Caſſini, in the year 1665, ſaw a ſpot that appeared round, and moved with 

the greateſt velocity when in middle, but was narrower and moved 
flower the nearer to the circumference of the diſk : theſe circumſtances 
ſhewed that the ſpot adhered to the body of jupiter and was carried round 
it; it continued thereon till the year following, long enough to deter- 
min the periodical time of jupiters rotation round bis own axis to be nine hours 
fifty fix minutes: this principal, or ancient ſpot as it is called, is the largeſt 

and of the longeſt continuance of any hitherto known, has appeared and 
vaniſhed no fewer than eight times, between the years 1665 and 1708: 
from the year laſt mentioned, it was inviſible till 1714: the longeſt time 

of its continuing to be vifible was three years, and the longeſt period of 

its diſappearing was from 1708 to 1713: it ſeems to have ſome connection 

with the ſouthern belt; for the ſpot has never been ſeen when that 
diſappeared, though that belt has often been viſible without the ſpot. Beſides 
this ancient ſpot, Caffni, in the year 1699, faw one of leſs ſtability, chat 

did not continue of rhe ſame ſhape or dimenſions, but broke into ſeveral 
ſmall ones, whereof the revolution was but 96 57: and two other ſpots 
that revolved in rob „ ges in che belts and ſpots, 
wich what diſk of aur carrh viewed at ſuch a diſ- 
ance un enge ie © de five of fo ee vir the great ocean that 
environs our earth would reſemble e of Jupiter: the medi- 
teranean one of his broken belts; 0 805 ian ſea pot: ſome of our 
largeſt iſlands the bright ſpot n e wy fig, 100: the 100 
Gn Mesa reti this ber ef the r Hr head bels v. 
1173 The rotation of jupiter, like chat of the ſun, to che 
order of the ſigns: the belts of jupiter are parallel to his equator: . 

of his equator is coincident with the plane of his orbit, or very 7 ſo; 
delice opiate an Fra ff 
equinox 1 t planet. 
Some aſtronomers. have thought the revolution of the planets round their 
Wes, were accelerated as they drew near the ſun; as: ry this opinion, 
3 Dbiloſoph. ranſad. 1. 1. b Mem. d dead. 1692. 4 
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near his perihelion *. ha 
» The, figure: of jupiter is not _ globular, . ſpheroid; hi 


equatoreal diameter being longer than that between his poles: the differenc 


between them is great enough to be perceived by the teleſcope, through which 
his diſk. appears an oval; and, meaſured by the ITO»: the longeſt di. 
| ameter is found. to be to the ſhorteſt nearly as 13 to 12 bv. 

1174 In the beginning of february. 1666, Dom. Caſſini, at Bologna, with 
a teleſcope of Campani of 16 feet and , ſaw /pots in mars; and, continy- 
ing to obſerve them for about a month, found they came every day into the 
ſame ſituation, in the ſame hour as on the day immediately preceding, but, 
later by 40 minutes; ſome aſtronomers at Rome, with longer teleſcopes 
made by Euſtachio Divini, obſerved mars about the ſame time, and gar 
out that he made his revolution in 13 hours: Caffins thought they were too 

haſty. in-pretending to ſettle the period of his rotation from five or fix obſer 
vations only, whereas, he could not from a much larger number made by 
himſelf, determin certainly whether 24 hours and 40 minutes were the mez- 
ſure of one rotation only, or of two: all that he could be poſitive in wa, 
that the ſpots returned to the fame. ſituation i in 24h 40. Aſter more obſer- 
vations, he publiſhed a ſecond. piece, wherein he brought ſeveral proofs 
ſhew.that mars turns round his axis only once in 24h 40' ; and that they who 
had aſſerted his turning round in 13 hours, had fallen into that miſtake for 
want. of di 2g the oppolice ſides of that planet from one another 
or, the oppoſite ſpots ſeem to have been pretty much alike: this, probabl, 
was the reaſan of Caſſini s doubt at firſt, and chat, Dr, Hook, who obſerved 
- thoſe ſpots in London the ſame year in march, had the ſame doubt whether 
they went twice round in. 24 hours, or only once e. Caſſini, on this occaſi- 
on, printed a ſmall treatiſe upon the, Kays with fig gures, whereof an ab- 
ſtrat may be ſeen in the journal des ſeavans 54 the 5 of may 1666. 

1175 In 1670 Caſini obſerved the fame at Paris, and found theit 
Senn * ſame as he had led them four years before u 


14 # 


en . re b Newton. ieh l. 3 N 
é a , 
eee 5 | 48 Lara 


form 


<1 


2 8 2 


C1 


F S8 


ee g.s Fegg E= PS Sg S po ey, F 8 91792 


. 


NR K K K r e r - 7 wv 2 OS <a 


S 


T7 es ©” 


enAP. 10. ASTRONOMY 485 


form long enough to aſcertain. their periods: among theſe, in the y year 1704 rio. 


there was an oblong ſpot not unlike one of the broken belts of jupiter, that 
did not reach quite round the body of mars, but had, not far from the mid- 
dle of it, a ſmall protuberance towards the north, ſo well defined as to 


enable him to ſettle the period of its revolution at 24h 39 $ only one _ 


nute leſs than Caſſini had determined ita, ſee fig. 103. 

1176 On the 27 of auguſt +719, mars in oppoſition was within of is 
perihelion, nearer to the earth than he had been in the former obſervations; 
whereby his magnitude and brightneſs were ſo much increaſed, that, by 
common ſpectators, he was taken for a new ſtar: among other ſpots then 
ſeen upon mars through a teleſcope of 34 feet, by Maraldi, there was's 
long belt that reached about half way round him, chat was not parallel to his 
equator, as the belts of jupiter generally are, but very much inclined to it, 


fig; 104: to one end of it another ſhort belt was joyned, ſo as to form be- 104 
rween them an angle a little obtuſe, fig. 105: this angular point was obſerv- 10 5 


ed a little caſt of the middle of the diſk, auguſt 19 and 20 at 11h f 5; and 37 
days after on ſeptember 25 and 26, returned to the ſame ſituation: this in- 
terval, divided by 36 the number of revolutions contained therein, brings out 
the period of one revolution 240 40: this period was verifyed by another 
ſpot upon mars of a' triangular ſhape, one angle whereof was towards che 
north pole, and the baſe towards the ſouth:' this ſpot on the z and 6 of 
avguſt, appeared 
fame ſituation, on the 16 and 17® of o&toberd, 7 19 97% 

| 1177 Beſides the dark ſpots, there is a ſegment of the globe of mare round 
ks Couch pole; of A chene © Wach peter ts that oP the oi pai} as 
to make it appear beyond them, as if it were a portion of a'larger globe: 
this is from the ſame cauſe as makes the bright part of the moon near con- 
junction, ſeem to be a ſegment of a globe of a larger diameter than the ob- 
ſoure part; namely, becauſe a luminous object makes a ſtronger i ot 
upon the retina than an opake one, ſee 5 58 5. — — 166 | 
tioned Maraldi ſays had been taken notice of for 60 years, and is more per- 
manent than any of the other ſpots of mars ;' this ſegment or zone is not all 
of equal brightneſs, for more than one half of it is brighter than the reſt; 
and that part which is leaſt bright, is ſubject to great changes, and has 
ſometimes diſappeated. There has alſo been "ſometimes a like lumindus 
„„ nn 
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1178 The earlieſt mention I have met with of ſpots in venus is in a col. 


relates his having received advice from Poland that Mr. Burattini had, by 


means of large een * _—_ ha pure venus __ neger to thoſe | 


the moon. 
1179 In 1667 Dom, Coſfniin a letter to Mr. Petit, enen 


having for a long time through an excellent teleſoope of Campani, carefully q 
obſerved-venus, in order to find whether that planet did not turn round up- 


on her axis with ſuch a motion as he had be fore diſcovered in jupiter and 


mars. He ſays that, even when the air is quiet and clear, the ſpots upon | 
venus appeared faint, irregular, and not well defined; ſo that it is difficult 
to have ſo diſtinct a view of any. of them as to be certain one ſees the ſame 
ent might be formed 
Whether ſhe has a rotation or not: chat this difficulty is ancreaſed, becauſe, | 


again in a ſubſequent obſervatjon; whereby a judgem 


1, When venus is in her inferior ſemicircle, the pro 


low in her inferior citele, and nęareſt to the earth, the culightened. part of 
her, the only part viſible, is too ſmall. to diſoouer anꝝ motion thereon. He 


therefore, thought he ſhould: ſucceed better in his obſervations, when venus 


was near her mean diſtance, and. ſhewed about half of her enlightened be- 
miſphere, and when he could have a longer VIEW. af hex. as ſome height above 
the-groſs vapours £3Þ 7: s 2: 919111 , Ib 271 why 


'. 1380, The Gt ciwe.be perecived-any thing wherehy.be copld hope to fnd 


out her motion, was.the,.14".of,o& 1666, at gh 46 in the evening, when he 
ſaw, a bright ſpot, near the ſectionb, at a, good diſtance, from the center of 
the planet, towards the north: at che ſame. time, he took. notice of two 


107 date oblong ſpots near, the, welt fide of the dilk, all as.nepreſented in fig. 107 


Le could not then view, that bright ſpat long enqugh to conclude. any thing 


about: the planets motion; and, all the remaining part of the year, had not 
one evening clear, enough for his purpaſe ; and, thaygh in the following heat 


1667, from ſeb. 24, be took alk the.apporcunicies, of clear air 


thay be Could 


haue, he ſaw only ſome obſcure ſpots not weil deſinęd, e 26 of aptil 


in the morning; and then, a quarter of an hour befote, ſunriſe, he. began n 
ſee again upon the diſk, of venus, now. abont half enlightened, a bright part 


a Fournal des ſeavant, vol. 1. p. 216. In the ſame volume of the journal der fcavens p. 287 i is al | 


Burattini diſcovered inequalities in venus, like-thoſe in che mocn. See alſd Phil, tranſ. n. 10. 
i $0 he calls the limit between the light and dh. 


MY  ke&ion of letters printed at Paris, in 1665*; in one of which Mr. 4uzou; 


pereſt time on account 
c hes being then neareſt to us, ſhe muſt be viewed through tho thick va. 
pours near the horizon :- — 2, if we wauld obſerve her at lame: height | 
ahove thoſe vapours, it can be only for a ſhort time: 3, hen ſhe is very 
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near the ſection, diſtant from the ſouthern horn ® a little above a fourth part F1 
| 5 diameter of the-diſk; and near the eaſtern edge; he took notice alſo 
ol a darkiſh oblong ſpot, nearer to the northern than to the ſouthern horn, 
as in fig · 108: at ſunriſe, he perceived the bright part was advanced farther 108 
from the ſouthern horn than when he firſt obſerved 1 it, being now got about 
2 third. part of the diameter diſtant therefrom, as in fig. iog: he ſays he 109 
had chen a good deal of ſatisfaction at finding an evident 
nets motion; but was ſurpriſed to find this motion · to be from ſouth to 
north, in the lower parc of the diſk ; and from north to ſouth, in the upper 
part; from whence we make the beſt judgement which way any rotation is 
determined, becauſe we have no example of any ſuch motion, except in che 
librations: of the moonb. On the next day, the 2 1 of april at ſunriss, the 
bright part was a good way off the ſection, and was diſtant from the ſouth = 
ern horn a fourth part of the diameter of the diſk,'- fig. 1 10: when the 110 
ſun was 8 6 high, it ſeemed to be got beyond the center, and was cut | 
through by the ſection: and when the height of the ſun was 5 degrees, the 
ſection cut it in halves, — en enen e 111 
inclination towards the center. W : 2u1199 9591 
1181 On the gi. of may, a little before funriſa; a bright 
ſpot near the center, a little to the northward, with two obſcure ſpots fi- 
tuated between. the ſection and the. circumference; at & diſtance from one 
another equal to that each of them was at from the neareſt horn: the wen- 
4 amy he obſerved, for an hour and half a quarter, the motion of 
the bright ſpot, which ſeemed to be exactly from ſouth to north, without 
y ſenfible declination, to caſt or weſt. At the ſame time, he perceived 
a variation in the darkiſh- . RS 112 
cal cauſe, as may be ſee in fig. 112, 113. 
n che Ach and 130 of may, before funriſe, he law the bright pot be- 173 
8 and took notice of the ſame irre- 
gular change of the darkiſh ſpots: but when venus began to be a little far- 
ther from the earth, it became very difficult to obſerve theſe #ppearances. 
Ca ſſini was very careful not to ſpeak his opinion of theſe en 
F nne for theſe, 
18 22 


£ a He calls the angular poi ag mma the ies Irene Wee 
* the rotation of venus like that of jupiter and macs, which planety have cheie 
axes nearly perpendicular to their reſpective orbits; and turn round according to the order of the ſigns, ſo 
tat in each of them the motion of the inferior half of their reſpeftive globe, or that part next the fun is 
ER yo yo. e Sem fo N 
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e be, Teould attentively obſerve for à whole night, when thoſe planen 
vere in oppoſitĩon to the ſun: I could ſee them return to the fame ſituation, 
and conſider their motion during ſome hours, and judge whether they were 


the ſame ſpots or not, and what time they took in turning round: but it 


was not the ſame caſe with regatd to the ſpots of venus: for they can be 
8 obſerved for ſo ſhort a time only, that it is much more difficult to know wich 
certainty when they return into the ſame ſituation: I can however, ſays he, 


(ſuppoſing that the bright ſpot which I obſerved on venus, and particularly 
this year, was the fame) ſay that ſhe: finiſhes her motion, whether of ro- 
tation or Iibration, in-leſs than a day; ſo that in 23 days nearly, the ſpot 
comes into the ſame ſituation on the fame hour of the day, though not with- 
out. ſome icregularicy. Now ( ſuppoſing the bright ſpot obſerved to be always 
the ſame) whether this motion is an entire turning round or only a libration 
n what I dare not poſitively affirm. Thus far Dom. Caſſini, in the journal 
des ſenuans for the year 1667, as corrected by his ſon from ſome manu- 
ſeripts of his father, in the memoires of the R. Acad. for the year 1732. 
18a From this time for near ſirty years, we meet with no account of 
ſpots in venus: in 1669, Caſſini upon the invitation of the French King went 


into France, and was inade a member of the R. Academy: not long after, | 


in perigee, he obſerved both thoſe planets at Paris 
ſpots on mars that he had ſome years before ſeen at Bologna, 


and verified the period of his rotation the ſame as he had formerly ſettled it; 
but could not perceive any ſpots upon venus: perhaps, ſays Du Hameh, the | 


fluctuation of vapours near the horizon hindred his ſeeing them. 


1183 On the 9 of february. 1726 Bianchins, with teleſvopes of Campani 


of 99 and 100 Roman palma, began to obſerve venus at the altitude of 40 
above the horizon, and continued his obſervations till, by the motion of ſe- 
© * veral ſpots thereon, he determined the axis of her rotation to be ſo ſituated that 

the north pole pointed at a circle of latitude drawn through the 20 of =, ele- 
ated 15 or 20” above the orbit of venus or the ecliptic.” This is very diffe- 
rent from jupiter and mars, which have their axes nearly perpendicular to 
their orbits, and by their rotations are ſo carried round, that the tower half, 
or that towards the ſun, of each of them appears to go from eaſt ta weſt ; the 
upper half, or that averſe from the ſun, goes from weſt to eaſt: whereas in ve- 
nus the motion of the ſpow in the lower half is from north co ſouth. All this is 
ſet forth at large in his bock intituled Heſpers er Pboſpbori nova phenomena, 
wherein he gives alſo. a curious view: of a remarkable ſpot on the moon: 
&eferibes his method of obſerving the parallax of venus; and exhibits vari- 
4 lent, Head. Nef. aff ann, 1670, 1671, = OA od AR WR Het 29 
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ed upon to be ſeas, and complimented the King een 
perſcnages by calling thoſe ſuppoſed ſeas by their names. 
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ous figures of che pots on that planer; | wharoaG/leven, of che largeſt he looks 1c. 


4 9 f 3 fe 
1184 In Bianchini's obſervations, we do not find any oneof chem conv = 
B 


long enough to diſcover any ſpot to have been, at che „ 
rent ſituation from what it was in at the beginning; but, at the diſtance of 
two days, and of four days, he found the ſame ſpot advanced ſo far chat he 


advance would ſhew that venus turned round either once in about 24 days 
or in about 23 hours, but would not aſcertain which of thoſe two was 


period: for, if an obſerver ſhould. at 4 Wen dane ſuppoſe penn 
evening, mark exactiy the place of a> ſpor; and at 7 in the evening of the 


from thoſe obſervations, be able to detetmin whether the ſpot during that 
interval of 24 hours had advanced forward only 155, or had gone once quite 
round with an addition of 155 more, in part of another rotation. 


— 


1185 Of theſe two periods Biancbini aflerts' the rotation of venus to be im 


made of three ſpots A B © being in the fituation as repreſented in fig. 1143 


then being hid behind che Barbarine palace, their view of her was in 


ſcope ſo as to have a fight of her ſpots; which they found had not ſenſibly 
changed their ſituation: now (ſays he) if her rotatiom were ſo ſwift as to go 
round in 23 hours, in this ſecond view three hours after the firſt; the ſpots 
muſt have been advanced near 50 ee o would have 
been gone off at x, rhe fpot 2 would have ſueceededt i place of ©, the 
ſpot A into the place of 5; and there would have been no mote than two 
ſpots to be ſeen, A and B. 

1786 Caſſini the ſon; in a memvir; of the year 1742," 
of Bianchini to be good; but not concluſtve for the peric 

wyainſt the period of 23 hours, which had been Sure rather than aſſer 
by his father, and was generally received by aſtronomers: he ſhews that Ui 
ring the three hours intetruption, the ſpot c might be gone off the diſt, and 
the ſpot v got into the place thereof, where, being near the edges it w ould 
appear leſs tan when in the middle: that A ſuccceding inte the place 6f þ 
would appear larger than it had dane near the edge, and that another ſpot 
might come into the place of a; for „ 


for almoſt three hours; at the end whereof they could again place the tele- 


concluded it muſt have gone round at the rate of about 15 in a day: this. Te 
day — ſubſequent, find the ſpot advanced 15, he would not: 


24 days 8 hours. The chief proof that he brings of this is an obſervation he | 


11 
when be and ſeveral perfons of diftinion viewed therm for about an hour, = 


during which they could not perceive any change of place in them: venus 
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ef venus, beſides che three:marked-in the figure with A, 8, c, and particular 
one which by che rotation of me planet, would be brought into the place 
of A, appears by the figuresigiven by. Bianchini : that if the rotation of venus 
be ſuppoſed to be in 23 hours, it will agree with the obſervations of Bianchin, 
aß well as thoſe of his facher; Whereas, if it be in 24 days 8 hours, we mul 
abſolutely. reje..che obſeryations of his father as erroneous; and conclude 
with telling us that venus had frequently been obſetved in the moſt fayour. 
able times for that purpoſe, by the late Maraldi and himſelf, with excellent 
teleſcopes, one of 80 and another of 100 feet focus, but they had not been 
able to ſee any diſtinct ſpot upon her: perhaps thoſe ſeen by Bianchini had 
dilappeared, or che air in France was not clear enough; which laſt might 
be the reaſon that his Father never could in France, even with the longel. 
teleſcopes, ſes thoſe ſpots in venus which he had ſeen in Italy. Fontinelle' 
remarks upon this oceaſion are very juſt, that we can hardly chink ſo able 
an er as Dam. Caſini could be guilty of ſo groſs a miſtake, as to ima 
gin he ſaw the ſpot on venus move faſter upon her diſk: than it was poſſible 
it ſhould do: and that an hypotheſis in aſtronomy which accounts for the 
Obſervgtions af to good obſervers is certainly. preferable to ſuch an one as is 
_.  eopliſtent, with the obſervations of only one of them. 

Before I leave chis ſubject, I muſt remark chat neither Cf nor Bia- 
chin; take notice in their writings. of any indentings in the curve which d. 
vides, tha, illuminated part af the diſk. of venus from the dark, nor do they 
expteſs any ſuch thing in their figures; whereas, in ſome views of venus in 
Pantana and iccialusÞ,.. this curve is indented; and it has from thence been 
concluded that venus was mountainous, as the moon was ſhewn to be g 996 

1187 The rotation. of the earth round her own axis has been mentioned 
already, 5 496: and will be thought ſufficiently proved, if we conſider hov 
utterly improbable it is that the heavenly bodies ſhould be whirled round 
us With ſuch inconceiveable rapidity as they muſt be, if che earth bas no 


rotation. 
1188 A great circle the earth has been ſhewn n 
chouſand miles, $ 457: by the earths rotation, every place upon the ſurface 
of the carth under r 
ly moyes above a thouſand miles in an hour: the diſtance: of the earth from 
che ſup, is computed at 8a millions of miles, 5 917; the circle then where- 
in the ſun muſt go round us every 24 hours, if the earth has no rotation, is 
above 492 millions « of miles; ſo that, if che ſun goes round us every 24 hour 


0 * Ade. et mem. 4 Au . 1535. ses allo $mith's optics, . 2. 
e Lowthorp's Phil. trarſad. abr. vol. J. p. 423. 
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CHAP: 10. ASTRONOMY 49r 
is he appears to-do, he muſt go at the rate of above 20 millions of miles in 
in hour. The diſtance of the ſtars from our earth;” is eomputed to be four 
hundred thouſandd times greater than the diſtance of the ſun, & 837: if then, 
the ſtars go round us every 24 hours, as they appear to do, they muſt, 
in that ſpace of time, go round in a circle four hundred thoufand times 
2s great as the cirele of — that is, they muſt 80 at the rate of above 
$ millions of millions of miles in an hour. This Computation ſhews hot 
much greater the probability is: that the . turns roun \ gas axis, rok _ 
the heavens revolve round the eartn. Ii ng 

1189 The rotations diſcovered in Jopicer even venus, eb many ar- 
guments from analogy that the earth has the like, as alſo that mereury turns 
round his axis, though this planet is always fo near the ſun and ſurrbunded 
with ſo ſtrong! ar twilight, thatcif he has any ſpots they; canriot be obſerved! 
Let us now. conſider vat effect rotation would have upom the. /baperiofl ebb 


LY 2 EV COW — — 3 — 


cloſed/in a cruſt; after prem iſing the following lemmas. 

1190 Lemma f. Every body that is whirled round a center, Has a centri- 
fugal force; that is, a tendency to fly off farther from the center in a tai 
to the circle of —— is evident from r- f kane 
thrown out: of a ſling- 1 38 40 Iq ene 10 21 

Lemma 2. The greater the velocity is ee any body is elle 
tound, the ſtronger is the centrifugal force chereof: this is evident by the 
lame experiment of a fling; for Dmg 4.0 2107. 31-3613 321 DD I2H £3577 

1191 The French aſtronomers, abe teen e sts the manner 
mentioned F470, found the degrees on the merĩdĩan to be leſs on the nortł fide 
of Paris than on the ſouth; and from thence concluded, rightly; if the pre- 
miſes had been true, that the ſhape of the earth was oblong, ſomewhat like 
an egg, having its diameter longer at the poles than at the 
opinion was not. univerſally received by the members of the R. Academy: 
it was conſidered that, 1, if the earth were formod into a globe by the muta 
25 Wi {| atcraQtion'of all its parts, upon its having a rotation, the centriſugal force 
ce would cauſe the equatoreal parts to riſe higher than the reſt” and give it the 
nt. ſhape: of am oblare ſpberuid, a little flatted at the poles like a turnep: 2, that 
this ſhape: is manifeſtly ſeen! in jupiter; F 173, the rotation Whereof 18 


<> - ©» 
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in France goes too flow when carried near the equator; and muſty in order 

us w rectify it have the pendulum ſhortened, to compenfate the diminutiom of 

is gravity : 4, that from theſe arguments ub 9 the earth to 
a Suitte des mem. ann. 1718. See 5 41. * * Suan 4091952] 
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as 


planets, ſuppoſing they were ever in a fluid ſtate, or — * pen 8 


uatora: but this 


Im 
e: much ſwifter than that of our earth: 3, that a clock which keeps true time 
i 
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be flatted as above mentioned; and. Sir aac Newton had demonſtrated it v 
55 he ſtill flatter than Hugens made it e en % e e ef _ 
2492 To decide this controverſy about an affair not purely ſpeculative 
bers of the R. Academy were by order of the French King ſent, one part 
of chem into Peru, to meaſure; the length of a degree under the line; the 
other part into Lapland, to meaſure a degree as near the pole as they could 
eonveniently go. They who went northwards, though they ſet out later 
than thoſe upon the ſouthern expedition, - returned: before them, having 
ſhorter voyage to perform: a derail, of their obſeryations may be ſeen in 
treatiſe publiſhed" by Maupertuit, which he read to the Academy in 1739, 
and is printed in the memorres of that yearb. He therein ſhews that a degre: 
meaſured under the polar circle is about 400 ties longer than a mean degree 
in France, and conſequently that the earth is an oblate ſpheroid. Upon the 
. recurn. of thoſe, gentlemen to Paris, the ſhape of the earth coming out ſo di. 
ferent from what had been determined by former obſervations, it appearcd 
neceſſary to review the meridian. of the Royal obſer vatoty: accordingly, the 
Saum de Maurepas, a great encourager of the ſciences, , procured an order 
of the King for that purpoſe: how they proceeded in this operation Maupertui, 
who was one of the perſons employed, gave an account in a treatiſe cited 
in the margin c. eig i i „ eine 23 2912917 2111 £1 
1193 Pie 45 was ——— — fundamental baſe with 
accuracy that it was or granted might depend upon its cor- 
rectaeſi, a Calin bad done, in his meaſure —— $ 471, 
but it was thought neceſſary to meaſure again an arc in the heaven, though 
meaſured before by very able obſervers; becauſe the aberration of the ſtar, 
a ne element lately diſcovered by Dr. Bradley, was now to be taken into 
the; account, and they had got an inſtrument ſuperior to any before made 
uſe of; it was a ſector divided by Mr. Graham, the correctneſs of which they 
bad ſufficiently experienced, in their northern expedition. 

1194 The church of Notre Dame in Paris and that of N. D. in Amiem 
lie ſo neatly under the ſame meridian that they differ only three minutes of 
a degree in longitude, the arc between the zeniths of theſe two churches 
was, by.a.great number of obſervations of the ſtar « in Perſeus and the ſtar y 


„ 3245 £267» 5 tus 2v6 lo teh gt1f7 157) 

„ Hugens made che length of the axis of the earth to be to the. equatoreal diameter as 577 to 588. 
. Hif. & Acad. n. 1742; Sir Iſaac Newton, as 178 to n b Figure del 
terre determine par objervations as circle polaire Ne. par Maupertuis. This is into engliſh. 


e Dae ds meridiew entre Paris et Amiens determine par la meafare de Picard ot obſervation: i 
T's & 79 of 


Maupertuis, Clairaut, Camus, 4 Monnier, Oc. @ Paris 140. 
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of Draco, found to be 1” 2 28”; the diſtance between thoſe two places upon 
the earth, according to their meaſure, is 59530+foiſes; this meaſure-brings 
out the length of the firſt degree north of the obſervatory of Paris 57183 
tales, which is 123 foiſes more than Picard made it, and exceeds by a ſtill 
greater number of toiſes what Caſini determined in his book of the mag- 
nitude and figure of the earth, quoted 5 471: comparing this degree in 
France with the degree meaſured under the polar circle, found by them of 
$7437,9 toiſes, they concluded the earth to be flatted at the poles, and that 


the axis is to the diameter at the equator as 177 to 178. 

1195 In 1739 M. Caffini de Thury grandſon to Dom. Caſſini aſſiſted by 
M. De la Caille; undertook a review of the meridian of France: an account 
of their procedure therein may be ſeen in the hiſtory and memorres of the R. 
Academy of 1740, and more at large in his book printed in 4to at Paris 
in 17442: they divided the whole length of the meridian from Perpig- 
nan to Dunkirk. into four parts, not equal, but fo as was moſt convenient 
for their obſervations; they meaſured in each part, with great accuracy, a 
fundamental baſe of a conſiderable length, from which they conſtructed a 
ſufficient number of triangles; in theſe they did not admit any very acute 
angle, nor did they conclude the quantity of any one angle from the mea- 
fures of the other two, but actually meaſured every angle with a good in- 
ſtrument: by comparing their own meaſures with thoſe of Picard, they 
found he had certainly made uſe of too ſhort a toiſe, though he fays in his 
book he took it from the ſtandard in the chaſtelet: they found that the pro- 
per correction would be to take from his numbers at the rate of one taiſe in 
1000, In examining the meridian they found only 6” difference, this is as 
near preciſion as can be expected; ſince an error of one ſecond in time will 
produce one of 11" or 12” in the poſition of a meridian: this by the way 
ſhews the meridian was not ſenſibly changed ſince Picard's time. ; 
q 1196 The meridian of France is extended between 42 and 51 degrees of lati- 
tude; by meaſuring this diſtance and the correſponding arc in the heaven b 
x Wl piecemeal, they brought out the number of toiſes contained in a degree of 
| the meridian cut through in the middle by the parallel of 45", to be 57045: 
F this is the mean degree, for 360 ſuch are contained in the whole circumfe- 

1 Wi rence of a meridian, whether the earth be perfectly ſpherical, or an oblong, - 
or oblate ſpheroid: in all theſe three caſes, the degree under the parallel of 
„4, laticude would be the mean, being in the middle between the equator 
Jit. Wi and the pole. They found the degrees on the meridian conſiſted of a greater = 
„ BY tumber of zoiſes as they went nearer to the pole, in all their obſervations 


of a La meridienne de Poberwateire Raa de Paris verifiee Ec: par M. Callini de Thury, @ Paris 1744: 
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Except one, herein they imagined ſome miſtake might have been made. 
119 The difference between degrees immediately ſubſequent on the me. 
ridian was found ſo ſmall, that they reſolved to — the length of a de. 
gree in a parallel: for, ſuppoſing the ſhape of the earth 'to be regular, eve. 
ry parallel would be larger, contain a greater number of z0/2s, if it were an 
oblate ſpheroid ;"leſs, if it were an oblong one, than if it were a perfect globe: 
they therefore meaſured a longer fundamental baſe than any before made 
uſe of in France, and conſtructing four triangles thereon, they took the dif- 
tance between two mountains, Sette in Languedoc and Saint Victoire in Pro- 
vence, both very nearly ſituated in the parallel of 43* 32'3 and found the 
difference of their longitudes by the following method: Caſſini at Sette and 
die la Caille at Saint Victoire, having each of them a clock well regulated 
to the meridian of his ſtation, a quantity of :gunpowder was fired at a thici 
Place within view of both ' obſervers, and the time of the flaſh: noted by 
the clocks; this gave the difference in longitude of the two ſtations in ni. 
nutes and ſeconds of an hour, which was eaſily turned into degrees minutes 
and ſeconds by 5 316, By this obſervation it appeared that a degree in the 
erer, of 43* 34 conſiſts of 260 totes more than it would do if the earth 
ſpherical, of ſuch dimenſion as anfwers to the number ai 
daher that had been found by them in a degree of the meridian in the lati- 
tude of 43 32. From all their obſervations theſe gentlemen concluded the 
earth to be flatted at the poles, and the length of the diameter at the poles 
o be to the diameter at the equator as 168 to 169. 

1198 The academicians ſent to Peru were M. M. Godin, De la-Condamin, 
and Bouguer, they were accompanied by a phyſician who was to be cmploy- 
ed in ſtudying the natural hiſtory of the country, a ſurgeon, an engineer, and 
| ſeveral perſons who were to aſſiſt in deſigning, calculating, reconnoitering the 
country, and taking care of their inſtruments: as they were to go into place 
: under the dominion of the King of Spain, where ſtrangers are not eaſi) 

ted to come, it was neceſſary for them to have paſſports, which, at 
the requeſt of the French King, his Catholic Majeſty not only readily grant 
ed, but gave directions alſo to his Viceroys and other officers to Favour then 
on all occafions, and accommodate them with what they ſhould ſtand in 
need of; and at the fame time appointed two officers of his marine to meet 
them and affift at their obſervations: one of theſe, Dom. Antonio de Ulln, 
on his return to Spain, publiſhed an accurate deſeription of the country, 
m! is tranſlated into Engliſh, 
Oy In 1744 W the Academy an account of the exp 
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dition to Peru, whereof he printed a detail more at large in 4to in 1749*: 
the deſcription he gives of the country, the inhabitants, animals, and vegeta- 


bles is entertaining, but foreign to my purpoſe. There are near the equator 


two ranges of mountains called las Cordilleras, ſome of which are ſuppoſed 
to be the higheſt upon the face of the earth: they ſtretch nearly from north 
to ſouth about 170 leagues, having between them a vale 7 or 8 leagues in 
breadth: in this vale they took their fundamental baſe of 6272 foiſes 4 feet 
7 inches, conſtructed triangles, and placed ſignals which ſometimes were at 
— height, but were all reduced to the level of the ſea: thus they mea- 
ſured upon the meridian a length of 176940 toiſes, and, in order to find the 
correſponding arc in the heaven that anſwered to this extent upon the earth, 
and avoid all errors which might ariſe from aberration or any other motion the 
ſtars might poſſibly have, it was agreed in 1741 that Bouguer ſhould obſerve 
ſome ſtars near the zenith at one end of the meridian the fame night that Godin 
obſerved the ſame ſtars at the other: Bouguer obſerved at his end, but, Godin 
failing to do his part, in the year following theſe ſimultaneous obſervations were 
made by Bouguer and Condamine: the reſult was that they found the firſt de- 
gree upon the meridian next to the equator to contain 56/7 53 toiſes: comparing 
this with the mean degree as ſettled by Caſſini de Thury and the degree mea- 
ſured near the polar circle, Bouguer makes the polar diameter to be to the 
equatoreal as 188 to 189. By g 1197, the ratio is as 168 to 169: by F 1194, 
it s 2s 177 to 178; none of them very different from dir gase Newtor' 
computation, as 229 to 230: as note a, p. 492 ſhould be corrected. 
1200 Bauguer, towards the end of his book ſays he conſidered that if, ac- 
cording to the Newtonian philoſophy, every particle of matter attracts every 
ocher particle, ſo large a maſs of matter as ſome of the vaſt mountains of 
peru conſiſt of, muſt have an attractive force; which, though ſmall, might 
poffibly be diſcovered by its cauſing the plumbline to deviate a little out of 
the perpendicular: in order to try the experiment, he went as near as he 
could to hat he judged to be the center of gravity of the Chimborago, one 
of the largeſt and, in appearance, of the greateſt ſolidity of the Cordilleras; 
he was aware how inconfiderable the bulk of the largeſt mountain is in com- 
pariſon of the whole globe, but then he could come ſo much nearer to the 
center of gravity of the Chimborago than to the center of the earth, that by 
a groſs caleulation he concluded the attraction of that mountain would be 
equal to about a 2000th part of the attraction of the earth: to ſee if this were 
ſenſible, he took the diſtances of ſeveral ſtars from the zenith, at two diffe- 
rent ſtations, one on the north, the other on the ſouth ſide of rhe mountain; 
a La fgure de la terre determine par les obſervations de meſieur; Bouguer et de la Condamine, &fe. 
3R2 | and 
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and, allowing for the diſtance between the two ſtations, he found a difference 
of 14 between the places of the ſame ſtars when viewed from the north and 
their places when ſeen from the ſouth ſtation: his obſervations were ſo exact, 
that he thought he had reaſon to attribute this deviation to the attraction of 
the mountain, which drew the plummet cut of the perpendicular, to- 
wards its center of gravity, that is, 7 towards the ſouth when he was on the 
the north ſide, and 7 towards the north when on the ſouth ſide, ſo as to 
increaſe the diſtance between the apparent zeniths of the two ſtations 14. 
He would have tryed it on another very large mountain, but that had an- 


on hg-.oc { aur it, that he-negined the atraQion' of one would 
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| CHAP, II, SPOTS UPON FHE SECONDARY PLANETS: THEIR ROT A TIONS; 
| _  THE-LIBRATIONS' OF THE MON. 


F201 That the ſatellits of jupiter are ſubject to have ſpots upon them hu 
been already mentioned, F 1105, 1125: there is alſo reaſon to conject 
the ſame of the ſatellits of ſaturn, from what has been diſcovered of one of 
them, namely, the fifth or outermoſt: this ſatellit, the revolution where 
round its. primary, is performed in about 80 days, had by Dom. Caſiu 
been obſerved. for ſeveral years, as it went through the eaſtern part. of its 
orbit, conſtantly to appear leſs and leſs, till it became quite inviſible; and 
in the weſtern part to grow larger by e til it arrired at its great 
brightneſs and magnitude. 

- 1202 This phenomenon cannot be better accounted: for than: hy ſuppoſing 
one half of the ſurface of this ſatellit to be unfic to reflect the light of the ſunin 
ſufficient quantity to make it viſible, and that it turns round its axis nearly 
in the ſame time as it revolves-in round its primary; and. that, by means af 
this rotation, and keeping, always the ſame face towards ſaturn, we upon. 
earth may, during. one half of its periodical time, be able to ſee ſucceſſiyel 
more and more of its bright ſide; and during the other half of its period, have 
more and more of the ſpotted or dark fide turned towards us. In. the year 
1705, this ſatellit unexpectedly became viſible in all parts of. its orbit, through 
the ſame teleſcopes that were before often made uſe of to view it in the 
caſtern part withour ſucoeſs b: this ſhews the ſpots upon this-ſatellit, like thoſe 
upon qr and. ſome other of the primary planets, are not permanent, but 
ſubject to change. 


eee b Maraldi, Men. A. Acad. 1207: 
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tion of the earth, but denied the moon to have any rotation of her own; alledg- 
ing for proof of this opinion, that ſhe ſhews us always the fame ſpotsa: as be 
ke that the earth attracted the moon by a kind of magnetic force, it is 
probable he imagined the greater denſity of that half of the moons globe which 
i; viſible to us, was the cauſe that tht ſame half is always turned towards the 
earth. To the bare eye, the ſpots of the moon always appear in the ſame 
form; but, by careful. obſervations thereof with the teleſcope, it has been 
found that this planet does indeed ſhew us conſtantly the fame face nearly, 
bur not exactly: that the ſpots, continuing in the ſame ſituation in reſpecł 
of each other, appear ſometimes to approach a little nearer to one edge of 
the diſk, at other times to recede as much from the ſame: this balancing 
ef the moon from one ſide to the other, as. Wannen e 
were changed, is therefore called a -{ibratron>. 

1204 It is now known that the moon has a rotation be owmaxisr 
that this rotation is performed: in the ſame periodical time with her revolu- 
tion round the earth: that during: this revolution the axis of the moon con 
tinues always parallel: to itſelf: that the axis of the moon is not perpen- 
dicular to the ecliptic; though not greatly different from being ſo: the 
axis of the moon. is elevated above the plane of her orbit 82 degrees and an 
halfe.—— The axis of the. moon terminates: always in the ſame 
points on the ſurface of that globe: the poles of the moon are therefore 
fixed: the equator of the moon is nr emf eee e e 
the-ſame ſpots. 

1205 As the moon turns e axes, in the amo periodical time 
wherein ſhe revolves round the earth and her axis is continually: parallel to 
itſelf, ſhe ſhews always the ſame face to the inhabitants of the earth: this 
is what appears to common ſpectators, who think they ſee always: dhe fame 
ſpots; and this would really be the caſe, if the moon were carried round the 
earth in a circle, and her rotation vrere performed round an axis always pa- 
rallel to itſelf, in the ſame periodical time as her revolution: in effect, the 
orbit of. the moon is an ellipſis, wherein the moves unequably round the earth . 
in one focus; the other focus is the center of the moons mean motion, t6+ 
wards which ſhe always turns the ſame face: hence it comes to paſs that 
che moon is ſubject to what is called her libration in longitude, that is, at one 
time turns more of her eaſt ſide, at another time more of her weſt fide to- 5 
wards the earth. In fig. 112, let the ellipſis aBcp repreſent the orbit of 112 
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120% Kepler thought the moon was carried round in her orbit by the rota- 2 
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£16. the moon, wherein the goes, according to the order of the letters, round the 
112 earth at the ſocus e; let the other focus be n towards which, the moon 


always turns what may be called her middle face, in reſpect of longitude, 
as being in the middle berween the two faces turned towards the earth in 
her greateſt librations in Iongitude, one eaſtward and the other weſtward: 
when the moon is in apogee at 2, her middle face is towards the earth at e; 
for a ſtrait line drawn from the center of the moon to F will, if produced, 
go tothe center of the earth at e: as the moon goes from @ towards G, more 
of che eaſt fide o is turned towards the earth, till arbſhe ſhews the mot of that 
fide of her globe to the inhabitants of the earth that ever ſhe does; 6 there: 
fore-is the place of her greateſt caſtern libration: from 6 this libration is 
| { dirniniſhed to c the place of the moons perigee, where ſhe again 
— middle face to the earth: from c ſhe begins to turn her weſt fide 
towards the earth, and ſhews us more and more thereof till ſhe comes to / 
where ſhe is in her greateſt weſtern libration: from d this libration gradu- 
ally leſſens all the way to a, where ſhe ſhews again her middle face. 
Thus we ſte that, with regard to eaſt and weſt, the moon- ſhews us her 
n 
eee 

ä — the ſas ftiadon, in reſpe&t of the fun 
and'the'eanch in about 14 monrhs, re through all ber i 
Nn r- copay 0 

1206 As the axis of the moons rotation is znctiins the dans of her orbit, 
and makes an angle therewith, in her revolution round the earth, ſhe ſhews us at 
one time more of the northern part of her globe, arunother time more of the 


413 — — — ib htc In fig. 113, azc0 


is & perſpective view of the orbit of the moon, wherein ſhe goes according to 
the order of the letters, round the earth are; when the moon is at 4, ſhe 
turns towards the earth what we may call her middle face, in reſpect to her 
libration in latitude; then her north pole'z and her ſouth pole 5, are both in 
the circumference of her difk : when the moon is at x, her north pole n and 
fome parts round the ſame which could not be ſeen at A come into the vi- 
fible diſæ; and her ſouth pole with ſome parts round it that were viſible at 4 
are hid from us: at c, we have again the middle face towards the earth: at 
v the north pole # with ſome parts round it that were viſible in the middle 
face at © are hid from us; and the ſouth pole 2 with ſome of the parts round 


it which could not be ſeen at e, come into the viſible diſk. 


1207 If we conſider the ſpots of the moon as in ſome meaſure repreſenting 
an = DO TR / wa-mney fax. che Ihontion in loogitgde urs a one-time te 
rig 
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right cheek, at another time the left, towards che carth, fg. 


The moons libration in latitude turns her norch and euch parts towards 
he earth alternately in a month, in the fame manner as the eartfi turns ber 
north and ſouth parts towards the ſun in a year. 

There is alfo another change in the moons viſible face, ae called 
2 libration, owing to che difference in her illumination by the ſun :- for, as 
the enlightened parts only are viſible, the ſame face turned towards the earth 
may appear different, accotding as the mon is in north latitude, When the 
ſun enlightens her ſouth pole and parts near it; or in ſouth latitade; when 
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any part of the univerſe, and has from all eternity been the ſame before the 
exiſtence of any 


being, except that of the infinite Creator of all things who 
never had beginning, and would for ever continue to flow on in the ſame 
tenor, if the whole ereation were to be annihilated. According to Ma. ZockÞ 
we meaſure the length of ſmall portions of our time by the number of ideas 
which ariſe ſucceſſively one after another in our minds: chis I think muſt 
be very different in different men: for, in the imaginations of ſome they fol- 
low one another with much greater rapidity than in thoſe: of others; and the 
lame man engaged in ſome employment or amuſement that gives him 
pleaſure thinks the hours much ſhorter — En, 1c] 
time if he were in pain or great uneaſineſs af min. | 
If we would with any exactneſs eſtimarethequantityof any portion of nut- 
nite duration, or would convey an idea of the ſame to others, we make uſe 
of ſuch known meaſures as have been originally borrowed from the motions 
of the heavenly bodies: but eſpecially of thoſe luminaries the ſun and moon, 
which, among other uſes; were createdito be for ſigns and ſeaſons, and for days, 
and years. —— che induſtry of aſtronomers has diſcovered that none-of 
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theſe motions-are exactly equable and uniform; but are ſubject to ſome ſmal 
ürregularities, which, though of no conſequence in che affairs of civil life, 
muſt be taken into the account, if we would find the e the heaven 
bodies for any time paſt or to come with any accuracy. 
. 2209 We Ve have already ſeen how irregular the hs planets and 
comets are in their orbits ; if there be any motion in nature perfectly equable 
in the ſolar ſyſtem, it may be imagined the rotations of the ſun and planet, 
round their own axes are ſo; and yet, conſidering the univerſal law of gra. 
vity by which they attract one another, we cannot but own that if their 
bodies are not throughout of an uniform denfity, which we are ſure is no 
the caſe of our earth, this muſt occaſion ſome inequality in chat motion, 
though perhaps too finall ever to be diſcovered. -— May not the rotation of 
the earth be accelerated when the denſeſt part of the ſuperficies thereof is re- 
volving towards the moon? is the interval of time between the tranſits of two 
ſtars in the ſame parallel always the ſame, wherever the moons place be? 
12 10 The moſt obvious diu ion of time is into day and night; theſe are 
marked out by the cifing and ſetting of the ſun: modern writers call the time 
from ſunriſe to ſunſet the artificral day; the night is the time from ſunſet 
to ſunriſe: theſe days and nights are ſubject to great inequalities in every 
part of the earth except under the equator, as has been ſhewn before. The 
moſt ancient diviſion of this day Was nnn. the night 
was divided into watches. 7 
1211 . days comperiznncy dhivdeyiend rich 
andis the time between the noon of any one day and the noon of the day imme- 
diately following: this day is divided into-24 hours, every hour into 60 mi 
nutes, every minute into 60 ſeconds, c: the beginning of it is different in 
different countries; the Babylonians began the natural day at ſunriſe, the 
Jews at ſunſet, as the Halians do alſo at this time: the Egyptians and anci- 
ent Romans began the day at midnight b, wherein they are followed by the 
inhabitants of Great Britain and moſt European nations : aſtronomers general- 
ly begin the day at noon, when the meridian of the place points at the ſuns. 
1212 Hours are either equal or unequal: the equal hours have been juſt 
now deſcribed: an unequal hour is the ach part of an artificial day, or the 
12% part of the night: in ſummer when the days are the longeſt, the diur- 
nal hours are the longeſt, and the nocturnal hours ſhorteſt; in winter on the 
contrary, when the days are ſhorteſt, the hours of che day are ſhorteſt, and 


— juxts Cenforinum, naturalis dies of tempus ab oriente fole ad ſol occafunm, civil 
', autem dies vocatur, tempus guod fit nn; . eat de die natali, 
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thoſe of the night longeſt. The difference between the hours of the day and 
thoſe of the night is greateſt at the ſolſtices, becauſt then there is the greateſt 
inequality between the length of the day and that of the night: at the equi- 
noxes, when the days and nights are of equal length, all the hours both of 
the days and nights are equal: for this reaſon equal hours are by ſome wri- 
ters called equinoctial hours a: unequal hours are ſotnetimes called temporary 
hoursd; either becauſe they are of different lengths at different times of the 
year, or becauſe they were meaſured by ſmall portions which were called 
times: one of theſe times appears to be four of our minutes, during 
which one degree of the equator paſſes through any meridian ©, Theſe 7imes 
might be meaſured by an aſtronomer, but how wr Hours enn be marked 
out for common uſe is not eaſy to ſay. 
The ancient Jews, Greeks and Romans, made uſe of whoquel hoes: owith 
them ſunciſe was the beginning of the firſt hour of the day, the third hour 
ended about nine in the morning, noon was the end of the fixth hour, the 


re WW ninth hour ended about three in the afternoon, the twelfth at ſunſet: ſunriſe 
ne was the end of the twelfth and laſt hour of the night. Mala 

e 1213 Unequal hours are different at the ſame time of the year In places of | 
7 different latitude: Prolemy d, in giving an account of ſorne ancient eclipſes that 
he 


had been obſerved at Babylon, and ſer down in unequal hours and parts of 
one of thofe hours, reduces the times of them to equal hours and parts of an 
equal hour, at Alexandria in Egypt; as a quarter, a third, an half, three-fifths, 
it, Kc. In thoſe paſſages the latin tranſlator for what in the original is half an 
e hour puts down 30 minutes, inſtead of three - fifths gives 36 minutes: this in- 
ni·(deed ex preſſes the quantity ſet down by the author by what is equivalent ; 

in i but may lead the reader into a falſe opinion that Prolemy divided the hour 
the into minutes, which he does not appear to have done, though it be certain 

ci- be generally makes uſe of the W eee wn a 1 as did alſo 

the ſome more ancient writers. 

al- 1214 The ancients had ue but 1 think Ager Bou cont not be 

n. Parked thereon exactly: the only kind of clock made uſe of by them was the 

uit c dra, which meaſured time by water running through a ſmall hole out 

che of one veſſel into another ©: Vitruuius, l. ꝙ. c. 9. ſhews how it might be ſo 

ur- contrived as to mark out unequal hours at different times of the year. There 

the was a clepſydra i in the famous court at Athens called Areopagus: the time mea- 


and Wl {ured by it was divided into three parts, whereof one part was allowed to the 
plaintiff, one to the defendant, the third was for the judge ; and there was an of- 
atalis a Ptolem, Alnageh, l 2.C, 9. b Idem ibid. c Idem. I. 1. e. 13. d J. 4. c. 11. e Suidas eee 
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ficer appointed to take care that none of them exceeded his quota. If we had 
ſomething of this ſort in our courts, it would greatly promote diſpatch of 
buſineſs; but we ſhould often have the council copy a paſſage in Demoſtbenes 
wherein he tells the court he had more to ys but mn he ee the wa. 
ter allowed him was almoſt run outa. 

1215. The inequality of the natural days is now to be conſidered, and the 
cauſes thereof enquired into: 'if the ſun were-to appear all the year round 
in the ſame point of the ecliptic, for example, in the point Y the interſedi. 
on of the equator and ecliptic at the vernal equinox, the day would begin in 
every place when the meridian of that place pointed at the ſun in Y, and end 
when a compleat rotation of the earth brought the ſame meridian to point 
again at the ſun in : if this were the caſe, the length of a natural day would 
be no more than about 23 hours 56 minutes; for in that time, a rotation of the 
earth is compleated, as appears by the following obſervation, any fixt ſtar 
that is in the meridian at a given hour any night will, after 23 hours 56 mi- 
nutes by a well regulated clock, be again in the meridian the night following: 
this then is the length of what may be called a fdereal dax. 

1216 We have before ſeen that, by the annual revolution of the earth in 
her orbit, the ſun appears to go round in the ecliptic, according to the order 
of the ſigns, 5 642, this apparent motion of the ſun is at the rate of about 
one degree in a day: for he goes through the whole circle of 360 degrees in 
a year, or 365 days 6 hours: if therefore any given meridian this moment 
points at the ſun in v, the rotation of the earth will in 23h 56 bring that 
meridian again to the point Y; but in the mean time the ſun will be got 
forward in the ecliptic about one degree, ſo that about 4 more muſt paſs be- 

fore the meridian will again point at the ſun, and compleat the day. The 
time required over and above an entire rotation to compleat the natural day, 
is not always the ſame, but varies a little; it is ſometimes more than 4, 
ſometimes leſs: this variation is owing to two cauſes, 1, the apparent mo- 
tion of the ſun being unequable, 2, the obliquity of the ecliptic. . 

1217 The unequable motion of the earth in her orbit, 5 673, cauſes the c 
parent motion of the ſun in the ecliptic to be unequable ; ſo that he appears to go 
ſometimes more ſometimes leſs in a day than 59 8“, which is his mean m- 
tion: the ſuns apparent motion is ſloweſt about the 30 of june new ſtyle, for 
he is then in apogee in the gf® degree of : from thence his motion grow: 
ſwifter every day till about the 30 of december, when his motion is ſwifteſt, 
and he is in perigee, in the gi degree of v: from thence his motion grow 
continually flower, till he arriyes again at his apogee, in che 1 degree of 5: 
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this difference in the velocity of the ſuns apparent motion canſes him to take 10. 
eight days more in going through the northern ſigns, from Y to =, than he 
does in paſſing through the ſouthern ſigns, from = to Y; ſo that our ſum- 
mer half year is eight days longer than the winter half year. 

1218 If this cauſe were to operate alone, it is eaſy to ſee that the natural day 
would be of the greateſt length when the ſun is in perigee; for then his motion 
is ſwifteſt, and his daily ep i in the ecliptic is the longeſt: and conſequently | 
then the earth muſt continue turning the longeſt time after an entire rotation, 
in order to bring the meridian of any place to-the fun: on the other hand, 


d if this cauſe only were to operate, the ſhorteſt day would be when the ſun ; 
it goes the ſloweſt, and makes the leaſt way in the ecliptic in a day: for then 
da: meridian turning round the ſame way chat the ſun' goes, would i in the 
ie ſhorteſt time come to point at him. | 
a 1219 The other cauſe of the inequality of the natural days is the celeſtial 
i- Wl <quator and ecliptic cutting one another at oblique angles; if thoſe circles 
7: were coincident, that is, if the earths axis were perpendicular to her orbit, 
ſince all meridians are perpendicular to the equator, they would alſo be per- 
in pendicular to the ecliptic; and then, to compleat the natural day at any rime, 
er the earth muſt turn round juſt as much more than an entire rotation as the 
ut ſuns apparent motion in the ecliptic for that day amounts to: but this is not 
1 the caſe: for, by reaſon of the obliquity of the ecliptic, meridians cut 
nt that circle at right angles only in the two ſolſtitial, points: in every other 
at part they make oblique angles with it, and mote oblique ones the greater the 
0 diſtance is from the ſolſtitial points: and conſequently they muſt fall upon 
1 it with the greateſt obliquity at the equinoctial points Y and =. From hence 


it comes to paſs, that when the plane of any meridian continued, has gone 
y, cbrough an arc of the celeſtial equator, ſuppoſe of one degree, it will not 
„se paſſed through an arc of juſt the ſame tity in the ecliptic; but ge- 
10- nerally more or leſs than a degree: more . degree if the are be taken 
near the equinoxes. Fig. 117, is a view of part of the concave ſphere of 117 
„me heaven, wherein, let p x be a part of the celeſtial-equator, v G a part of 
ohe ecliptic, A the interſection of thoſe two circles at the vernal equinox, 
1. a degree upon the equator; if we imagin che plane of the meridian to 
for paſa from the ſituation * H into the ſituation W N, in going through the are 
ws BY 43, one degree of the equator, it will go through the arc a c, which is 
oft, more chan a degree in the ecliptic. For in the triangle AB the angle at B is 
ows Wl right one, conſequently the hypotenuſe A c is the longeſt fide... 
'S: 1220 At the ſolſtices, the obliquity of the ecliptic has a quite cont 
effect, and helps to lengthen the natural days: this will eafily be compre- 
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FIG, hended by the 118 figure; where r Tis part of the tropic of capricorn, ep 
118 part of the ecliptic, which may be conſidered as coincident with the tropic, 
| for ſome diſtance on each fide of the ſolſtitial point, as from A to B; and 
therefore meridians which are perpendicular to the tropics, may be conſider- 
ed as perpendicular to the ecliptic, for that ſpace: this being ſuppoſed, x 
meridian in going from A towards B, will go through as large an arc in the 
tropic as in the ecliptic; but, the tropic not being a great circle, any arc as 40 
taken in both thoſe circles will meaſure more minutes in the tropic than in 
the ecliptic, and that in the ſame ratio as the ecliptic exceeds the tropic in 
dimenſions : the circumference of the ecliptic is to that of the tropic nearly 
as 60 to 55 and therefore the arc ab of 55 minutes in the ecliptic, will be 
60 minutes in the tropic: now every meridian paſſes in the ſame time through 
ſimilar arcs in the celeſtial equator and all circles parallel to the equator, 2 
the tropies are: conſequently, at the ſolſtices, every arc of the ecliptic paſſed 
— through by any meridian in a given time, will be to the arc of the equator 
paſſed through in the ſame time as 55 to 60: at the ſummer ſolſtice, when 
the ſun. is in the tropic of cancer, the earth being then near her aphzli, 
vrhere her motion in her orbit is ſloweſt, the ſuns apparent motion in the 
ecliptic, during a natural day, is 57 12"; but the meridian of any place, 
in order to paſs through 57 12”, in the ecliptic and compleat the day, muſt 
go through 15 2 24 in the celeſtial equator: or to expreſs it more technical) 
the ſuns right aſoenſion, at the ſummer ſolſtice, changes 1 2 2, in a natural 
day: now, as the time any given meridian paſſes through the whole circle 
of the equator is 23 hours 56 minutes 4 ſeconds, the time a meridian 
takes in paſſing through an arc of 1 2 aꝶ, muſt be about 4 minutes 9 ſe- 
conds, which added to 23 hours 56 minutes 4 ſeconds, the time of an entice 
rotation of the earth gives the length of the natural day, at the ſummer ol- 
ſtice, 24. hours 13 ſeconds, - - n FL 1 MESH 15:4; 
1221 The ſame- reaſoning} is applicable to the winter ſolſtice, with this 
difference that, the earth being then near her peribelion where her motion in 
her orbit is ſwiſteſt, the ſuns apparent motion in the ecliptic is at the rate of 
1* I 100 in a natural day; but, according to the ratio mentioned in the ſec- 
tion immediately preceding, in order to paſs through 1 1 100 in the ecliptic, 
a meridian mult paſs through an arc of 1* 6 43 in the celeſtial equator; or 
we may ſay the ſun then changes his right aſcenſion 15 6 43 in a day: the 
time a meridian takes up in going through this arc in the equator is 4 minutes 
26 ſeconds, which added to 23 hours 56 minutes 4 ſeconds the time of the 
rotation of the earth, brings out the length of the natural day, at the winter 
ſolſtice, 24 hours 30 ſeconlſjls. 
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1222 If we conſider theſe two cauſes of the inequality of the natural 
days, it appears 1, that the inequality of the ſuns apparent motion in the ecliptic 
lengthens the days moſt in december, and ſhortens them moſt in june: 2, 
that the obliquity of the ecliptic ſhortens the days moſt in march and ſep- 
tember, and lengthens them moſt in december and june: 3, that the natural 
days muſt therefore be longeſt in december, when both cauſes concur to length- 
en them: 4, that in june the two cauſes operate contrary ways, but the obliqui- 
ty of the ecliptic lengthens the days more than the inequality of the ſuns 
motion ſhortens them: 5, from the combination of theſe two cauſes the na- 
tural day is ſhorteſt about the 1 50 of ſeptember, being then 230 59 397. 

Corollary. The inequality of the natural day is the cauſe that clocks or 
watches are ſometimes before ſometimes behind the ſun. 

1223 A good clock well regulated goes uniformly on throughout the year, f 
ſo as to mark the equal hours of the natural day of a mean length: a ſun- 
dial marks the hours of every day in ſuch a manner, that every hour is a 24th 
part of the time between the noon of that day and the noon of the day im- 
mediately following: the time meaſured by a — is called equal time; that 
meaſured by the ſun-dial is apparent time. As the natural days meaſured by 
the ſun are unequal, the hours meaſured by the ſun · dial muſt be alſo unequal, 
that is, of different lengths, at different times of the year: the difference 
between the length of the hours at different times of the year is ſo very ſmall, 
that it may be quite neglected: the difference between the longeſt natural 
day and the ſhorteſt, does not amount to ſo much as one minute; the 
greateſt difference between any two days immediately ſubſequent is no more 
than about one ſecond ; but this laſt difference, ſmall as it is, by being in the 
courſe of ſeveral days accumulated, becomes conſiderable. The mean natural 
day is exactly 24 hours as meaſured by the clock. 

1224 The time of noon is ſeen by a common ſun-dial ; but more exactly 
by a meridian teleſcope, that is, a teleſcope furniſhed with croſs hairs fo pla- 
ced as to move in the plane of the meridian, to what ever angle it be ele- 
rated: it is noon when the center of the ſun is cut by the perpendicular hair, 
and this is beſt ſeen through a ſmoaked glaſs, or by receiving the picture of 
the ſun through the teleſcope, upon a paper held in ſuch a manner that the; | 
light of the ſun may fall perpendicular thereon. 

In order to know by the ſtars whether a clock or watch keeps true time 
tes or not, obſerve the hour and minute when ſome ſtar is in the meridian, and 
che Wi watch when the ſame ſtar is in the meridian again on the night immediately: 
cer following, if the clock then wants 3 minutes 56 ſeconds of the time of the firſt; 

obſervation, it goes well; otherwiſe it muſt be corrected. If a clock is to be 
; . examined. 
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examined by the ſun, the beſt way is by a meridian teleſcope, as before de. 
ſcribed: if a ſun- dial be made uſe of, the beſt time is at noon ; for then, if 
the dial be placed right, it will go true, though it be not made for the lat. 
tude of the place where it is fixed. If a clock is to be ſer by a ſun-dial, there 
are but four days in the year whereon the ſun-dial and the clock are together 
at noon; namely, the 1 5ch of april, the 16th of june, the 31 of auguſt and 
the 240 of december: on any other days if you would ſet a clock by the ſun, 
the equation table muſt be made uſe of, which ſhews for every day in the 
year how many minutes or ſeconds the ſun is before or behind the clock. 

1225 The natural days are alternately lengthened and ſhortened: they 
continue ſome time at the two extreams of longeſt and ſhorteſt, and afterward; 
paſs gradually through their mean length from one extream to the other ex. 
tream. When the natural days are ſhorter than 24 hours, the ſun gains up 
on the clock; ſo that if he be behind it he will get nearer to it, if he be with 
the clock he will get before it, if he be before it he will get farther before: 
on the other hand, when the natural days are longer than 24 hours, the fun 
loſes with reſpect to the clock; ſo that if he be before it, he will grow le 
before it, if with the clock he will get behind it, if he be behind it, he wil 
go on to be farther behind. 1 

1226 Between the winter ſolſtice and the ſuns being in perigee, when both 
the cauſes before mentioned conſpire to lengthen the natural days, they are a 
the longeſt, and continue for ſome time of the ſame length, exceedingly near, 
each day being 24 hours 30 ſeconds long; and therefore, though the ſun b 
with the clock on the 24 of december, on the following day the 25®, 23 
the clock goes round in 24 hours exactly, the ſun will be 30 ſeconds behind 
it, on the 26th one minute, on the 27h 1“ 30” behind the clock, loſing zo 
ſeconds every day, ſo long as the natural days continue of the ſame length 
of 24* & 3G: and when they ſhorten, the ſun will continue loſing, though 
every day leſs and leſs, till the 10th of february, when all thoſe loſings ac- 
cumulated together will bring the ſun behind the clock 14 43˙, which is the 
moſt he is ever behind it: for the natural days being then, by gradually ſhort- 
ening, come to their mean length of 24 hours, and continuing to ſhorten 
near a ſecond every day, the next day will be only 2 3 59“ 50“ long, the 
day following 23h 59 58˙ long, and ſo on; wherefore the ſun then going 
round every day in leſs than 24 hours, will begin to gain upon the clock, ſo 
as to get every day nearer and nearer to it, thoſe daily gettings being more 
and more as the days ſhorten, till the 1 5h of april, when the ſun having got- 
ten all he had loſt before, will now go again with the clock; but the natu- 
ral days though ſomething longer than they were the latter end of —_ 
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being ſtill ſeveral ſeconds leſs than 24 hours, the ſun will continue to gain 
upon the clock and conſequently get before it; and this gain, though leſs and 
leſs every day as the days lengthen, will be accumulated till the 1 5th of may, 
when the natural days are again of their mean length, the ſun being then 4 4 
before the clock: from that time the natural days increaſing to be more than 
24 hours long, the ſun will begin again to loſe in reſpect of the clock, though 
at firſt but one ſecond in a day, and will by the farther increaſe of the natu- 
ral days go on loſing more and more every day; ſo that by the 16th of; june 
the ſun will have loſt all he had gotten before the clock, and they will again 
go together: but this goincidence will not continue, for the natural days, 

though not ſo long as in december, are now ſeveral ſeconds more than 24 
hours long, and continue a conſiderable time of the ſame length; ſo that the 
ſun will the next day be behind the clock, and will continue loſing about 
13 ſeconds in a day at firſt, but every day leſs and leſs as the natural days ſhor- 
ten, till they again become of their mean length, about the 26® of july; 
when the ſun will have loſt 5 55” of the clock: from this time the natural 
diys continuing to grow ſhorter, will be each of them leſs than 24 hours; 
ſo that the ſun will begin to gain upon the clock, and will be every day leſs 


pen about the laſt day of auguſt, when he will be with the clock, and the 
days ſtill ſhortening, the ſun will get before the clock, and gain daily more 
and more upon it till about the middle of ſeptember, when the natural days 
are at the ſhorteſt of all; and though the daily gettings are afterwards leſs 
and leſs, they will be ſo accumulated that the ſun will be 16 9 before the 
dock by the beginning of november, when the natural days are ſo increaſed 
as to be of their mean length: from this time the natural days growing lon- 
ger than 24 hours, the ſun will begin to loſe, and go an loſing every day more 
and more till thoſe days are again at the longeſt, about the 24 of december, 
when the ſun and clock will again both ſhew the ſame time. | 

1227 The following table is taken out of the Conoiſſance du temps for the 
year 1752, and will ſerve very well for the reſt of the preſent century; the uſe 
of it has been mentioned & 1224 an example or two will make it eaſy to be 


| muſt ſet it at & 4 " paſt 12; for ſo much is the ſun then behind the clock: 
again, on the 10th of june, che ſun is 1 12“ before the clock; ſo much on that 
day ſhould the clock want of 12 when it is noon by the ſun, | 

Domenico Caſſini made the firſt table of this ſort in 1668, it is printed 
among his tables of the ſatellits of jupiter, and in the Philoſophical tranſacti- 
"ns n. 214, and did well enough for che reſt of that century. 
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A TABLE OF THE EQUATION or TIME; SHEWING HOW MUCH THE SUN 1; 
BEFORE OR BEHIND THE CLOCK EVERY DAY IN THE YEAR, New Style, 
E an. | Feb. March] April] N 21 — July Aug. Sept. Get. Noy. 
& | Obehind| ©brhind| Obebind Doe before Obefore Scr ee ©before | Qbefore | Obefore 5 
Pa een 
I| 4 14114 '9|12 4203 573 92 4513 1005 46] 0 18010 21116 900 
2| 4 42114 16112 2913 38/3 17 3613 21|5 42| 0 3610 4016 9ſ10 
3| 5 10114 22012 16}3 2013 24/2 2603 3215 38| 0 55/10 58116 9,9 
4| 5 37114 27112 363 213 31/2 1713 4315 33 1 14|11 16116 8ſ/ 91 
5. 4114 3211 49]2 443 3% 73 54|5 28 1 34/11 34116 |! 
6| 6 30 14 36|11 35|2 2603 41 5514 45 22| 1 53[11 51116 38 
7 6 5614 39/11 2002 93 46|r 4614 14/5 15] 2 13]12 8016 os 
7 21114 41 5/½ 5213 50% 3514 2415 81 2 33/12 24/15 55/7 
| 9] 7 46114 43110 5011 3513 5411 24[4 3315 % 2 53/12 4/15 50| 7 
10| 8 11114 43110 34/1 1803 571 1204 4214 52| 3 14/12 565 44| 6 
T 8 354 43/10 1801 13 59% 9% 5914 43] 3 34113 11]15 37] 61 
12] 8 58114 42/10 110 45]4 1/0 484 5814 343 55113 25/75 29] 54 
13] 9 20114 41] 9 44% 2914 310 365 5/4 24| 4 16113 415 21051 
14| 9 42114 38] 9 27% 134 4jo 245 1214 13] 4 36|13 53/15 12] 4 
1510 3|14/35| 9 200214 4jo,irls 1914 2] 4 57/14 6|15 | 4 
16010 24/14 31] 8 5210 17/4 40 2 2513 50| 5 18114 19114 500; 
18 10 44/14 27] 8 34% 3114 30 146 3013 38 5 39114 31114 38031 
18011 3/14 22] 8 16ſ 0 4514 1% 2715 3513 26] 6 0114 42114 25|2 
1911 21014 16] 7 5800 593 590 405 4013 13] 6 20/14 52114 12] 21 
20|1r 39114 9] 7 4011 1313 7% 5315 4] 59] 6 41115 3113 70 
21011 56[14 2] 7 2211 26 3 5311. 645 4712 45| 7 215 12113 42] 1! 
2212 12113.54| 7 31 3813 5011 195 50 30 7 22115 21113 2600 
2312 27113 45] 6 4511 5013 4611 3215 5212 151] 7 43/15 29113 91% 
2412 42113 360 6 2602 213 41]1 1 5442 0 8 3115:36|12 52] 01 
25112 50113 26] 6 812 1313 3501 5715 5501 44 8 24/15 43112 33] 9! 
26013 813 61 5 4912 243 2912 95 5511 28] 8 44|r5 49112 1411 
127113. 20113 5; 5 3912 34 3 2312 2215 551 11} g 4j15 54/11 54] 
2813 32112 54| 5 1112 43 1612 345 $519 54/9 23115 58111 34% 
2913 4T[ -| 4 53]2 533 92 465 540 379 43110. 211 13] 2 
30113 8 4 13 212 586 820 19/½0 2116 5/1 50 
1114 1 4 15 2 53] ' 5 49jo_ 1| [16 7 3} 
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In the common equation tables it is ſometimes ſaid the clock is too faſt or 
too flow; this is not true, for a good clock goes always alike and keeps equal 
time: ſometimes they put it down that the ſun is faſter or flower than the clock; 
tis may lead into a miſtaken opinion, that every day of the year meaſured by 
the ſun is ſo much longer or ſhorter than the ſame meaſured by the clock as 
the reſpective equation amounts to: this is not the caſe; for, when the ſun 
has got confiderably before the clock, he may, after lofing ſo much of his 
motion, abſolutely ſpeaking, as brings him to equal time, be ſtill before the 
dock: in like manner, he may be behind the clock on a day which meaſu- 
red by his. motion is equal to or even ſhorter than the day meaſured by the 
clock; becauſe he has not yet gained enough of what he had loſt to bring him 
even with the clock: for this reaſon I chole rather to ſay the ſun is before or 
behind the clock. x 

By the equation table apparent time may be reduced to 3 or equal 
time to apparent: thus, march the 5th the ſun is 11 49 behind the 4 5 
ſo much then muſt be added to the apparent to bring i it to equal time, or ſo 
much muſt be taken from equal time to reduce it to apparent. In comput- 
ing the motions of the heavenly bodies, we make uſe of equal time; but in 
ſetting down the time when any appearance in the heaven will happen, we 
expreſs 1 e . n e uſe. * 


Remarks upon CHAP: 12. $ 1224 A e 5 

1228 The fun diol of the ancients to 5 ther the unequal * were not 
made in the method uſed at preſent, with a gnomon parallel to the axis of the 
earth, as deſcribed 3243 but had a pin ſet upright upon a plane and rounded 
at the upper end into a globe, the ſhadow whereof marked their unequal 
hours in the following manner: by means of an analemma or projection of 
the ſphere, fix curves were drawn upon the plane to ſhew where the ſhadow. 
of the pin at the ſeveral hours of the day terminated, every month in the year: 
one curve ſerved for two months, becauſe the ſhadows are of the ſame length 
in january as in december, in february as in november, in march as in october, 
&c: each curve was drawn long enough to take in all the hours of the longeſt 
day in the reſpective months, and was divided into twelve equal parts: it is ea- 
ſy to ſee that a dial made by chis method, in order to ſhew the unequal hours 
exactly, ought to have half as many curves as there are days in the yer; 
but this would require ſo many lines as would make it all confuſion: it js 


probable they had 1 208 1 5 and that for ng of _ 
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1229 Palladius, an ancient Roman writer upon agriculture, having ſet 
down What is the proper work to be done in the farm or the garden, each 
month in the year, gives the length of the ſhadow for every hour of the Gay, 
as in the following example of the month of april. | 

e he hours on this month are of the fame length as the hours in feprember 


| Of the hours. hy 
7 

te ft hour [24] ere ebe bes dledowen 
is might at the time of the day by the length 
e e of the ſhadow : it is rightly ſuppoſed by Salna- 
if Hee? 07 4þ-! i of uta, that the author meant the labourer ſhodli 
S J ; Loc find the time from the ſhadow of bis own perſon: 
Sk | the rule, ſuch as it is, will hold good in men of 
. 5 different ſtature; becauſe, generally ſpeaking, 
> ook T4 [| the length of a mans foot 5 nearly the ſame 
as bee bench ws whether he be tall c 

- eleventh ). (244 p 


OM 1230 The clepſydra is pretty well deſeribed by Vitruvius d. In Peraults 
French tranſlation of that author, there are elegant cuts of the clep/ydre: 

bur no body I fuppoſe will now think of making one, as clocks and watches 
meaſure time ſo much better. I do not find hourglaſſes of ſand to have been 
of very ancient uſe. Hebo Brabe had ſeveral clocks that ſhewed the hours 
minutes and ſeconds, which he ſays were made in the beſt manner ( the 
ag clocks by pendulums was not found out till many years after 
bur not being able to nes time ſo exactly with them as he was deſirous 
to do, he made uſe of hourglaſſes, ſome filled with quickfilver well purified 
by diſtillation which was let to run through a very ſmall hole of metal, other 
with lead calcined and reduced into a fine powder; but neither of thoſe er · 
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1231 The diviſion of time into weeks was by divine appointment, and 
is as ancient as the creation of the world, as appears by the ſacred writing, 
Gen, c. a. v. 3. the week of 7 days was always i in uſe among the Jews, and i 
univerſally received by Chriſtians of all nations, and by the Mahometans in 
all countries: Scaliger® ſays it has been in uſe among all the people of the cal 
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ſrom the moſt ancient time: this was probably owing to ancient tradition: 
the cuſtom of giving names to the days of the week from the ſun moon and 
planets, as an hiſtorian who lived in the ſecond century tells us, came ori- 
ginally from the Egyptians, and was by them propagated among other na- 
tions: he ſays the Romans in his time followed it, but the Greeks did not, 
as far as he knew. Our anceſtors the Saxons, before their converſion to the 
Chriſtian faith, named the ſeven days of the week from the fun and moon 
and ſome of their deifyed heroes, which names we received with the reſt of 
their language and ſtill retain : ſunday was devoted to the Sun, monday to 
the Moon, tueſday to TJuiſco, wedneſday to Moden, thursday to Thor, friday 
to Friga, ſaturday to SeaterÞ. Some of bur ſectaries ſcruple making uſe of 
theſe names upon account of their owing their original to idolatry, not 
conſidering that names or words are of themſelves indifferent, and can only 
become bad where they convey or excite vicious ideas. What was very foon 
after the reſurrection of our Blefied Saviour called the Lords day, was after- 
wards called the day, of the ſun or ſunday by ſome of the ancient farhers, 
who deteſted the idolatry of worſhipping the ſun as much as any body now 
can doe: but they ſpoke the language then in uſe, as the ſacred writer alſo 
did, when he called the place of judicature at Athens by the name it com- 
monly went by, Areopagus or Mars-hill d. 

1232 The mwoneb has is name in ours and ſome other languagęt from the 
the moon, and is the time of a revolution of that planet round our earth: the 
month js periodical or fynodical, as has been mentioned 5 958 and 959: the 
{ynodical conſiſts of about 29 days and an half, and is of moſt general uſe, 
as it is the time wherein the moon goes through all her phaſes, whereby we are 
able to know at what hours of the night we may expect the benefit of moon 
light; as alſo to forecell the rinte. of high and low woes at all placatrere 
the tide ebbs and flow. 

1233 A yegr 19 the time wherein mera covidrennticrtardiconabl che 

ſun: the year as conſidered by aſtronomers is ether ſpdereal or rropical: the 


earth revolves round the ſan, and makes the fun appear, after having been 
in conjunction Wich: ſotne ſtar, to go round the eclipric; and come again inte 
conjunction wich the ſame ſtar: the rrtpical year is the time wherein the ſun, 
after appearing in one of the! cardinal pointes, goes romd in the ecliptic till 
be comes again to the fame point: the tropical year'is about 2 1 Minutes in 


ime ſhocter than the ſydereal: becauſe the cardinal points go backwards 
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every year: about 50 ſeconds of a degree, $.657 and 781, and meet the ſun 
ſo far in his apparent annual progreſs through the ecliptic. - 
1234 The time a planet takes in revolving round the ſun, is ſometime; 
called the year of that planet: thus, about 7 months may be ſaid to be the year 
of venus; about 3 months the year of mercury, &c. The going back of the 
cardinal points juſt now mentioned, was thought by the anciznts to be owing 
to a flow: motion of the ſphere of the fixt ſtars round the poles of the ecliptic, 
contrary to the order of the ſigns: ſome of them imagined an entire revoly- 
tion of the ſphere would bring about a renovation of the world, and reſtore 
every thing into the ſame ſtate and condition as at the beginning; this period 
was therefore called magnus annus the great year, and mundanus annus* the 
year of the world: the length of it was variouſly aſſigned by different phi 
loſophers b: if they had known how much the yearly preceſſion of the equi 
nox amounts to as well as the aſtronomers of the preſent age do, they would 
have ſettled the length of the annus magnus at 25000 years. If we conſider 
that the preceſſion of the equinox is owing purely to the change of the ſiu- 
ation of the equator and poles of the earth, cauſed by the attraction of the 
ſun and moon, eſpecially the laſt mentioned of thoſe luminaries, the ſpe- 
culation concerning the great uw will —_— to be of "oy Te conle- 
quence. 
1235 The civil or political year has a different beiasiag MET is of a diff 
rent form in different nations: the ancient Egyptians made uſe of the ſolar 
gear pointed out by che apparent annual motion of the ſun; to this they a 
lotted 360 days, and divided it into 12 parts or months, each month containing 
30 days: (here we ſee the origin of the diviſion of the ecliptic and other cir 
cles into 360 parts, and of the zodiac into 12 figns: ) the redundant 5 days 
were thought not to belong to the year, and therefore no buſineſs was to be 
done upon thoſe days, but they were ſpent in idleneſs and diverſion: they 
were afterwards dedicated to five of their deities; and in fine received into 
the year, but were added to the end of it, and were called 'erayoua: 0 
additional: this year of 365 days their Kings took an oath in the temple of lia 
not to change by intercalation, and is the year meant by aſtronomers, when 
they compute by Egyptian years: ſome writers ſay that their year took in 
not only the 365 days, but the redundant ſix hours alſo: and indeed it ſeems 
utterly improbable: that their Hieropbantæ who had the care of theſe affairs 
and were ſo knowing in aſtronomy, ſhould be ignorant that fix hours or nearly 
that quantity of time was neceflary to meaſure the annual motion of the ſun 
or of a ſtar: why this piece of a day was omirted in their common year of 
| ® Macrob. Jams. Sci. 0. . 6 14 --.' b b Cenforinus & die natahy e. 18, be 
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z65 days, we may learn from an excellent Greek author, who according to 
Petavius, lived in the time of Sylla: The Egyptians (ſays he) did nor 
« take the quarter of a dy into their account, that their ſacred feſtivals might 

go forward, as they would do by this omiſſion, one day in four years, ten 
« days in forty, a month in an hundred and twenty, fo as to go through all 
« the ſeaſons of the year in 1460 years; whereas the Greeks by their laws 
© and by an oracle were directed to keep their ſacred ſolemniries in the ſame 
« months in the year, and on the ſame days of the months; for which pur- 

© poſe, they made ule of intercalations, to bring the accounts of the motions 
« of the ſun and moon as near together as poſſibles, ” —— The beginning 
of the Egyptian year was originally, at the heliacal riſing of the dog ſtar, 
to which they paid divine honours, probably becauſe at that time the Nile 
began to riſe, upon the overflowing whereof the fertility of their wy 
ercatly depends. 

1236 The month made uſe of by Moſes was of 30 days, as appears Graph 
theſe paſſages, on the 17. of the 24 month the rains began which brought on 
the deluge, gen. c. 7 v. 11; on the 17th of the 7th month the flood was ſo far 
abated that the ark reſted upon mount Ararat, gen. c. 8 v. 4: now from the 
yu of the 24 month to the 17th of the 7th month, allowing 30 days to each 
month, is juſt 1 50 days, the number of days the waters are ſaid to have 
prevailed upon the earth, gen. c. 7. v. 24. and c. 8. v. 3. 

1237 There is in Whiſton's Theory of the earth b a learned difſertarion, 
wherein it is ſhewn that in very ancient times various nations had the ſame 
year with the Egyptians of 360 days, and the month of 30; that this can no 
way be ſo well accounted for as by ſuppoſing that the year and. month were 
exactly of that length before the flood; and that (mankind. being generally te- 
nacious of old cuſtoms, though found inconvenient ).the ſame meaſures of time 
continued to be retained even after they were diſcovered not to agree with 
the motions of either the ſun or the moon: it is alſo conjectured: that the al- 
teration of the year from 360 to 365 days and a quarter was owing to a co- 
met, which in its near approach to the earth, by diſcharging thereon a great 
quantity of vapours from its atmoſphere, and breaking the external cruſt and 
forcing up the waters of the great abyſs, brought on the flood; and did alſo, 
by the acceſſion. of new matter, diminiſh the velocity of the diurnal motion 
of the earth; and, by attraction or gravitation, turned her annual orbit from 
a perfect circle i into an ellipſis. 

1238 The lunar year conſiſts of 12 ſynodical months or lunations: 12 of 
theſe months amount to 3.54 days, and come the neareſt of any number of 
minus, cap, 6, d menfbur, b p. 144- 4th edition, e 

months 
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months to the length of a ſolar year, but fall ſhort of it 11 days: this year is in 7 fu 
uſe among the Turks and other Mahometans : the beginning of it goes back 1; 55 
days every year, which, every 8 years ſets it back 3 months; fo that if the I imp 
beginning of the preſent year were in the ſpring, 8 years hence it would be ¶ qua 
in the winter, 16 years hence in the autumn, after 24 years in the ſummer, Wl mo: 
after 32 years in the ſpring again: this is called à wandering year, becauſe Wi at t 
2 beginning of it runs through all the ſeaſons in half the period of the lit Wl 694 

man, 

1239 The ancient Jews and Greeks made uſe of what may be called: 
luniſolar year, wherein they adjuſted the lunar and ſolar year ſo as to bring 
them as near as they could, to the ſame beginning: for this purpoſe the 
invented ſeveral ways of intercalating or inſerting days into the lunar yea: 
one ſcheme was the oftenntal period, which the Jews intercalated in the fol. 
lowing manner: they found that the exceſs of the ſolar above the lunar yea, 
being about 11 days and a quarter, in 8 years amounts to 90 days, that is 
months of 30 days each: they therefore added one of theſe months at the end 
of the 2d year, another at the end of the 4, and the 34 at the end of the j 
year; ſa that each of theſe years the 29, 4%, and 7th, conſiſted of 13 months: 
they did not give a new name to the intercalated month ; bur, as the named 
rhe laſt month of the jewiſh year was adar, they called the additional month 

veadar, as.much as to ſay another or a ſecond adar. The beginning of the 
ancient Jewiſh year was at the autumnal equinox; but after their going out 
of Egypt the beginning of their year was at the vernal equinox. 
1240 The ancient Greeks were commanded by an oracle to obſerve, in 
their ſacrifices, the cuſtom of their country, in three particulars ; theſe were 
underſtood to mean days, months, and years a: many of their feſtivities as well 
ſacred as civil, were celebrated at the new or full moon which fell out near one 
of the ſolſtices or equinoxes; in like manner as the Jews were to keep the 
paſſover on the full moon next after the vernal equinox: their aſtronomer 
therefore endeavoured to find out a cycle or period, wherein the ſun, having 
run through a number of complear years, and the moon a number of comple 
| months, thuſe luminaries would begin again to go through a like 

number of years and months, in the ſame manger as before. They mad 
uſe of the eHennial periad, but are ſaid to have intercalated the months a 
| 5 5 
134241 As aſtronomy made now ſome progreſs among the Greeks, the often- 
nial period was found to be defeRtive ; whereupon Meten an Athenian, invented 
| the period of 19 years, which was thought to contain exactly 6940 days, 0! 
235 ſynodical months; that is, allotting 12 months to each of the 19 yea"), 
' = Geminus bi ſupra. Scalig de emendat. temp. p. 36. 7 ſuper 
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umerary months, which were to be intercalated at the end of the 2d, 
5e, din, x0th, 1 30, 16% and 18 year: bur, as aſtronomy continued ſtill to 
improve, it was found that 6940 days exceeded 19 ſolar years by at leaſt a 
quarter of a day, and 235 lunations by ſomething more: fo that the 'new 
moon at the end of that period would anticipate the time of the new moon 
at the beginning thereof: to remedy this, Calippus having quadrupled the 
6940 days of Meton, and taken out of the ſum ariſing therefrom one day, in 
order to account for the exceſs of the 4 quarters of a day, publiſhed his pe- 
riod of 27759 days; which amount exactly to 76 Julian years: this period 
Jong obtained among the Greeks, as it kept both the ſeaſons of the year and 
the new moons nearer to the true times than the period of Meton would have 
done: but when the correction of the Roman year by Julius Cæſar pre- 
vailed, the period of 19 years was again brought into uſe; and, becauſe it 
was imagined that after the completion of 19 Julian years, in every ſubſe- 
quent period the new and full moons would fall out on the fame days, this 
period is often called the cycle of the moon. | en 
1242 The ancient Roman year has by ſome authors been ſaid to have 
conſiſted of no more than ten months: the ground of this aſſertion ſeenis to 
be that march was the firſt month of their year, and ſeveral other months had 
their names from the order in which they followed; thus, the ſeventh month 
from march was called ſeptember, the eighth october, the ninth november, 
and becauſe the numeral names proceeded no farther than december, that 
was concluded to be the laſt month: whereas ſeveral authors exprefily ſay 
that the year ended with january and february, and that theſe two months 
were afterwards in the time of Numa, or later than that, removed from 
the end to the beginning of the year, where they now ſtandb. 5 
As this year of the Romans was lunar; in order to make it ſo far agree 
with the annual courſe of the ſun that the beginning of it might in ſome 
meaſure be fixed, ſo that the beginnings of the four ſeaſons might fall out in 
the ſame months, they made uſe of an intercalation, but ſomething different 
from thoſe juſt now mentioned: for, the deficiency of the lunar year from the 
polar being about 11 days and a quarter, the double whereof is 22 days and. 
an half, they every other year intercalated, between the twenty. third and 
twenty fourth of february, a ſhort month, which they made alternately of 22. 
or 23 days: the care of intercalating was committed to the prieſts, who are 
lad by negligence and corruption to have ſuffered the year to go into ſuch. 
diſorder, that their ſacrifices and feſtivals were by degrees run out of the pro- 
a Geminws, c. 6. Ptol, . 3. . . b · v. antheres in Gravii'Theſavy Roman ants G. AAS | 
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1243 Fulius Ceſar, having been ſome time in Egypt, brought from thence 
Sofigenes, who aſſiſted him in oorrecting the Roman year, and reducing it to 
nearer correſpondence with the motion of the ſun: for, whereas the Egyp- 
tian year of 360 days, with the additional five added by them at the end there. 
of, falls ſhorr of the true tropical year about ſix hours, which quarter of a dy 

cannot well be put into the calendar, he ordered that, every fourth year, th 
elapſed quarters of a day ſhould be accounted for, by inſerting for them one 
whole day between the 23d and 24® of february, the ancient place of inter. 
calation : and, becauſe the 23d of february in the Roman calendar was calle 
fexto calendas martii, the ſixth of the calends of march, the intercalated dy 
was to be called bis ſexto calendas martii, the ſecond ſixth of the calends 0 
march, from whence the year of intercalation had the appellation of biſſextil 

1244 The Julian year, as corrected by Auguſtus Cæſar after being agi 

in diſorder by the miſmanagement of thoſe who had the care of the inter 
om was eaſily introduced into all civilized nations who ſubmitted to the 
Roman power; and continued in general uſe till the year 1582, when Pope 
Gregory the thirteenth reformed the calendar, and brought in what was from 
him. called the Gregorian year: this Pope who was a learned man and had 
been proffeſſor at Bononia, thinking it was of importance to the authority of 
the holy ſee that he ſhould have the ſole direction of the affair; to make i 
go down the more eaſily, ſent the ſcheme of the intended alteration dram 
up in a ſhort treatiſe by Aloyſius Lilius to ſeveral courts of the Chriſtian 
Princes, and to the moſt confiderible univerſities: and in the year 1582 pub- 
liſhed a h commanding the obſervation thereof: it met with great oppo: 
fition among the Proteſtant ſtates; and, when received by ſome of then, it 
was with a ſalvo that it ſhould-not be underſtood as a ſubmiſſion to the Papi 
authority: the intent of this correction of the year was to bring back the fel 
tivals of the church to the ſame days of the month, and the months to the 
ſame ſeaſons of the year as they were in at the time of the council of Nice, 
held A. D. 325, when the time of keeping Eaſter, which had been the 0c- 
e of great diſturbances in the Chriſtian world, was finally determined 

1245 There was ſome difference among the ancients in their * about 
n by comparing his own obſervations with ſome more ancient 
ones, concluded it to be 365 days 5 hours 55 minutes: later aſtronomers, 

being able to meaſure; longer periods of years, have determined it at about 
6 minutes leſs; by all accounts it appears that one day is too much to be in- 
tercalated every four years; ſuch intercalation cauſes the times of the ſuns 
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arrival at the cardinal points to fall out every year cleven- minutes earlier 
chan by the Julian account they ought to do: ee anticipation of eleven mi- 
nutes in a year amounts in 130 years to a whole day: hence it came to paſs 
that the vernal equinox, which at the time of the council of Nice fell out 
on the 21. of march, was in the the year 1582 advanced forward to the 
11 of march: to xectify this, the hull ordered xo days between the 4 an 
Iz of october 1 in that year to be ſuppreſſed, ſo that the day which in the 
Julian account would have been the g of october was to be called the 1 5j 
and, that the vernal equinox thus reſtored to the 218 of march might not 
deviate out of its place for the future, the intercalation of a day in february 
every fourth year was to be continued as formerly, except the hundredch 
years now to be mentioned: the year 1600 was to be biſlercile; but in every 
400 years after that, three intercalary days were to be omitted: that is to ſay, 
in the laſt year of the firſt ſecond and third century, there ſhould be no in- 
tercalation; but the laſt year of the fourth century ſhould. be biſſextile: ſo 
chat for example, the years 1790, 1 800, and 1900 ſhould not be biſſextile; - 
but the year 2000 ſhould: and that this order of intercalating ſhould be ob- 
ſerved through ev 400. years for. ever. This correction does not entirely 
temove the error; or the cardinal points ſtill anticipate near twyo hours in 
every 400 Gregorian years „ but his defect is quite inconſiderable; for it 
does not amount to above one da in 5000 Years. ; See phil. tranſact. n. 495; 
1246 In the year; 1752, the Gregorian year or gem Kyle, was by act of 
parliament enjoyned. to be received in Great Britain, and all the Briciſh do- 
minions; and the dates of all deeds and orher writings to be made accord- 
ing to the new ſtyle, whereas before that time. they. were all dated according 


. 
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* to the Julian year or old fle. As above a century was then, paſt ſince the 
te Gregorian correction, in which time the cardinal/ points had anticipated one 
y. day more, eleven days, were: ſuppreſſed in the new Britiſh calendars this was 


done by ordering the third of ſeptember to be called the fourteenth. / By the 
fame act, the legal beginning of the year wa changed from the Fanny ih | 
of march to the firſt of januar. | 
The year being now ſettled, we may * 8 i 
weeks and days, in order to underſtand the nature of the calendars or alma- 
nacks of the ancients and moderns, and the rules for finding Eaſter.. 


7 1247 The ancient Greeks divided each month into three parts or decads; 
1. che firſt decad was called the beginning of the month, the ſecond the middle, 
55 the third the laſt of the month. The firſt day of che month was called u- 


ke, the neu moon; the ſecond Jevreges iFapes, the ſecond inſtant; the 
. 1 third 3 IF apevs, the third inſtant; 3 and ſo on to the renth, which was 
5 3 U called 


month confiſted of 30 days; er way Pliverfos; the ninth of the waining, if 


_ 4Jends of may; 
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called daxary 15 2peevs the tenth inſtant: the eleventh was called 7 mY KETETI, 
che firſt of the middle, or ini em deu, the firſt after the tenth ; 2d, twelfth 
deſign peruvrog, the ſecond of the middle, or dedſiga er: dera, the ſecond al. 
kan, e and ſo on to the cwentieth, called ale ity: the twenty 
firſt was called aaal)n ei cc the firſt after the twentieth, &c: in this la 
decad the moon was fo: much in the wain that they gave it a name from : 
word that fignifies to decay or periſn ; and, reckoning the days backward 
from the laſt day of the month, called the twenty firſt day dend Obo 
the tenth of the waining or che tenth from the diſappearing moon, if the 


che month confiſted of 29 days the twenty ſeeond day Was called wy po 
vole; the ninth of the waining, in the former caſe, and 690% ©0:v0r)o;, the 
eighth of the waining in the lauer; and fo on to the day before the hi, 
which was called idea Suu og, the ſecond of the waining: the laft day of 
che month, ae e ee dier er u eb, was called an 
„em, the old and new; as it partok of the old and new moon. The name 
of the firſt and laſt decads are ks ancient as b, 
1248 The Romans divided their month into calends, nones and ides, they 
reckoned all of them backwards as the Greeks did the laſt decad: the ff 
day of every month was called culenuie, the calends of that month, the laſt diy 
Martel nn. ptr eee the day before the calends of th 
month following &: thus, the 300 of april was called fl, de as calendas mai, 
the day before ware rb the 2 kn april, d before the ca 
the 280, is 1 dee db ld aaf and ſo on to the 
14% of april, which was elle the 1d defore the calends of may: the 130 
of april was called idus the ides of that month; the 12th was pridie idus, 
the day before the ideb; the 116, the 34 before the ides; the 1ot, the K 
before the ides; and 10 n to the 6 day, which was the 8th before th 
ides: the gm day was called none, being the'g before the ides; the 40 day 
ws called e e tote the bar the gde) dr april was dt 
34 before the nones; and the 24 day, the 40 before the nones : all theſe reck- 
onings were incluſive, and took in the days of the calends, ides, and nones 
The ides of march, may; july and october were the 1 5® days of thoſe months; 
in the other months the ides were the 13 days. | 


Ne ee Gamer fro 
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c In theſe exprefiions pridie calendar, tertio nana, quarts 4 . ante 4 
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1249 The ancient Roman week, as it may be called; confiſted of 8 days, 
the ninth was a kind of market day for the country people to come to town and 
tranſact fuch buſineſs as they had there. In an old'Roman'calendarz cut upon 
marble, and ſuppoſed by Grævius to be done in the time of Augiſtus Ceſar, 
every 8 days have prefixed to them the firſt 8 letters of the alphabet, ABC 
EFG H: in imitation of this, the 7 days of the-Chriſtian week are marked 
in our calendars with the firſt 7 letters; hereof one that points out the diet 
dominica the Lords day or ſunday is called the dominical or ſunday letter. 
1250 The firſt day of january is every year marked with the letter A, the 
other letters BC DE FG follow in order through every month in a common 
year of 36 5 days: theſe make 52 whole weeks and one day, and therefore 
if we conſider any two common years immediately following one the other, 
the laſt of december in the firſt year muſt have the letter A ſet againſt it, and 
the ſecond muſt begin with the ſame letter; ſo that A comes twice together 
and muſt denote different days of the week in the two different years, and 
change the dominical letter to that immediately preceding; therefore, if B 
were the dominical letter in the firftofitheſe years, it wouldbe A in the ſecond: 
this change would go through all the ſeven letters in ſeven common julian 
years ; but, as every fourth year is hiſſextile or leap year, conſiſting of 366 
days, the intercalation of a day in february cauſes the dominical letter in that 
year to be changed twice; once immediately after the intercalation, and again 
at the end of the year: and theſe changes are not all gone through in leſs than 
4 times 7, or 28 years; this period of time comprehending all the variations of 
the ſunday letter in the old calendar, is commonly called tbe: cycle of the ſun. 
1251 The obſervation: of the feaſt of Baſter is of great antiquity, as ap- 
pears by the diſputes: about the day whereon it was to be kept, which diſ- 
wi the peace of the Chriſtian: Church before the firſt council of Nice. 
That our bleſſed Saviour was crucified on a friday and roſe from the dead on 
the ſunday following appears from the hiſtory of the Evangeliſts ; and upon 
this account the one day in ſeven, ordained to be kept holy in memory of the 
creation of the world finiſhed in fix days, was changed from the ſeventh day 
of the week whereon God is ſaid to have reſted or ceaſed from his work, to 
the firſt, the day whereon- our Lord by his reſurrection from the grave ſhew- 
ed that he had compleated the great work of the redemption of mankind: 
This change of the ſabbath day is juſtly ſuppoſed to have been made by apoſ- 
tolical authority: and accordingly we find the firſt day of the weck called 
the Lords day by St. John b. The primitive Chriſtians were deſtous of keep- 
ing Eaſter, the memorial of our Lords reſurrection, as near as poſſible to the 


+ Sealy. 4. emendat. temp. 5. 233. Grzv. Thefax. Rom. antigs, tom, $: ben eu 0:10. 
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time of the year wherein that glorious victory over death was obtained: for 
this purpoſe they could have no better guide than the Jewiſh paſſover. 

1252 The Jews were by divine appointment ordered to keep the paſſover 


on the 14 day of the month abiba, called afterwards niſan. This month 
was to be the firſt month of their year, Exod. c. 12 v. 2. The Jewiſh year 
and month being lunar, they did not call that the new moon, or firſt day of 
the month, when the moon was in conjunction with the ſun, but the diy 
wherein after conjunction the new moon firſt appeared in the evening. It ha 
before been mentioned that the Jews began the day at ſunſet, $ 1211. I 
Judea the air is ſo clear that the new moon is often ſeen within leſs than 2, 
hours after conjunction. LE boy, exo lord | | 

They were particularly careful in ſettling the firſt day of niſan on ac- 
count of the paſſover to be kept on the 14 thereof; while the temple ſtood, 
and for many years after, this was done in the following manner; at the lat 
ter end of the year the Sanbedrin or great council at Jeruſalem, who had the 
ſole direction of this affair, met to conſider when the next new moon was 
to be expected; this might either be known by ſuch tables as they had or by 
reckoning from the laſt new moon; and on the laſt day of the year they ſent 
ſeveral perſons not fewer than two of good character and credit to ſome emi- 
nence, ordering them to watch for the firſt appearance of the new. moon af- 
ter ſunſet, and, as ſoon as they had a view of her, to return and give them 
an account thereof: when this was done, after a ſtri& examination of the 
perſons ſent, the next morning the head of the council declared the new moon 
to be come, in this form of words, it is conſecrated; it was then publiſhed 
at Jeruſalem, and notice thereof given to the country round, for ſome time, 
by lighting up beacons placed before for that purpoſe ; but, afterwards, up- 


on finding that ſome of their enemies ſet up falſe lights to deceive the peo- 


ple, they left off the beacons, and ſent meſſengers round about as far as 1 
ten days journey would reach: as for thoſe who lived too far off to receive 
the decifion of the council in time, chey kept two days holy, the thirtieth 
and thirty firſt from the laſt new-moon, that they might be ſure to keep the 
feaſt of the new moon on the ſame day with their brethren in Jeruſalem. | 
When by reaſon of cloudy weather the new moon could not be ſeen in 
her proper time, that is on the beginning of the thirtieth day from the lalt 
new moon, the council declared the thirty firſt to be the new moon, becauſe 
the lunar month cannot reach ; farther than thirty days, ſo that the month 


adar conſiſted that year of thirty days; ſometimes when the new moon 


3 Abib bgnifies an ear of corn with the flalk, ſome tranſlate it the month of new corn, i c. when coin 's 
ſuſt ripe, which in Egypt and Judea was about the vernal equinox, v. Schindler in JAN 


could 
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could not be ſeen by thoſe who were employed by the council, other per- 
ſons from other places would come and declare they had ſeen the moon in 
her proper time: theſe voluntary meſſengers were very ſtrictly examined and 
croſs queſtioned, but if they were of unblemiſhed reputation and gave their 
evidence ſteadily and upon oath, the council would ſomerimes pay ſo much' 
regard to their teſtimony as to recall the declaration they had made of the 
new moon which they had fixed for the thirty firſt day; and publiſh it for the 
thirtieth : and, if they did not make any change in the day upon their infor- 
mation, they uſed to entertain and reward them; that others might be en- 
couraged to look for the new moon, and to take a journey to inform them 
thereof ©, 2 15 wy | | 


Sz HF CV _ RR Ch, _Y. ww ., "» 


q 1253 But, beſides this change of a day in ſettling the firſt of niſan, there 
us upon ſome occaſions an intercalation of a whole month of 29 or 30 days 
made uſe of; as when the corn was not ripe enough, when lambs and kids 

© WR vere not forward enough, when, by reaſon of floods and breaking down of 
s Wi bridges, the roads to Jerufalem were impracticable, when their ovensb in which 

be paſchal lamb was to be roaſted or broiled were demoliſhed, with ſome 
Nl Wl other reaſons whereof the council were the ſole judges.” I have mentioned 
- WH :!! this to ſhew that there is no finding out the year of our Bleſſed Saviours 
- Wi crucifixion by any aſtronomical calculation, becauſe it is uncertain in what 
n manner the Jews that year fixed the firſt of niſan; whether on the thirtieth 
vic or thirty firſt day from the firſt of adar: and it is alike uncertain whether 
bey intercalated a whole month that year or not. Or if they did whether the 
vont intercalated were of 29 or 30 days. e e, 
ie. If the Jews had made uſe of the Julian year, and always kept their paſſover 
4 on the 14th of march, or if they had always kept it on the day of the aſtro- 


nomical full moon upon or next after the vernal equinox, as we can aſcertain 
the time of our lords crucifixion within 4 or 5 years of the truth, we ſhould 


blen only have wanted to find out in which of thoſe 4 or 5 years the 14th of 
" march or the before mentioned full moon was on a friday, and that would 


have characterized the very year; but this was not the caſe: the Jewiſh year 
in our Saviours time was irregular, as the beginning of it depended not up- 
* on the conjunction of the ſun and moon, but upon the firſt appearance of 
a the moon after conjunction, as ſettled by the Sanbedrin CR ata, Sn 


a Vibuah, c. de principio anni, et ibi Maimonid. er Barterona. v. iam Maimon. de confecratione calend. 
de intercalatione. b It ſeems they roafted the paſchal lamb in a place ſomething like one of our ovens, 
rif any part of the lamb touched the ſhell over it, that part muſt be cut off and caſt away, as being roaſted. 
y the ſhell and not by the fire, Ceteros in torrends paſcbali agno ritus quere apud Maimonid. 4 facrifieis pa 
bali, c de Judzorum anno Chrifti ſacule v. Petav. de dactrina temporum, lib. 0 
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1264 Beſides the octennial period or cycle mentioned 5 1239, the Jew; 
are {aid to have made uſe of one of fourteen and another of eighty four years 
whatever cycles they were directed by, they are thought to have been in ou 
Saviours time ſo erroneous in keeping their paſſover as to have been two d 
three days out in their reckoning®: if this be true it muſt be owing to the 
fertling wrong the farſt of niſan, becauſe they always killed the paſſover o 
the fourteenth of that month. 
1255 The fourteenth of niſan being the Jewiſh paſſover, whatever day a 
dhe week it fell upon, was obſerved as the Chriſtian feaſt of Eaſter for ſone 
time by the eaſtern Churches, whereof many members were converts fron 
Judaiſm, whereas in moſt of the weſtern 9 the feaſt of the reſur. 
rection was kept always. on a ſunday: to bring them to an uniformity w 
one of the reaſons for which the council of Nice was called together by cu 
fantine®: it was then determined. that it ſhould be on the ſunday after th 
firſt full moon upon or next after the yernal equinox, which equinox at tha 
time in common years was on the 218 of march. This determination is 0 
among; the canons. of the. council, but may be ſen in their ſynodical epiltk 
preſerved to us by two eccleſiaſtical hiſtorians, Socrates and Theodoret. 
1256 The Metonic cycle of 19 years mentioned before, 5 1241, was at tha 
| time thought exact enough to point out the new-moans, in Julian years then 
in uſe, in order to find the paſche! Limit or the fall moon that was to direct the 
| keeping of Eaſter; for this purpoſe calendars were publiſhed wherein goldes 
numbers as they were called, were ſer againſt ſuch days as would have nev 
moons in every. year of the cycle, as will be explained F 1261: this would 
anſwer the purpoſe for a conſiderable time, not varying from the truth more 
than an hour and an half in 19 years, ſo much do the new. moon return to 
the fame ſituations before the completion of nineteen Julian years, which 
amounts to about 8 hours in a century: this error they might perhaps think 
not conſiderable enough to deſerve their notice, or might leave it to be col 
rected by paſteriry, when ĩt aroſe to a whole day, as it does in about thre: 
centuries ; ſo chat in the number of years elapſed from the council of Nice i 
the year 1 582, when the calendar was corrected by Pope Gregory, the moons 
motion had anticipated ſo, much that the golden numbers pointed out the 
new moons above four days too late; and in 1752 when the Britiſh calendar 
was corrected, they gave them almoſt five days 00 late. 


« Far thi rnlon we cannge hape to diſcoyer the exat time of our Londs ercixjon by afrononicl 
- . culation, but muſt have recourſe to eccleſiaſtical hiſtory. v. Petavii animadvers. in Epiphanium de bo 
| A et de dad rina temporum, lib; 12. b v. Ejus epiftolam apud Euſeb. de vita Conſtani 
*. eee Pandad. canon. vol. 1. p. 685. 
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1257 The golden number ſo called from its uſe, or from being ſer down 
in letters of gold, called alſo the prime, proceeds from 1 to 19, and ſhews 
the year of the cycle of the moon: thus, the firſt year of the cycle the go 
den number is 1, the ſecond year 2, the third 3, &c. This cycle is gone 
through in 19 years, after which it begins again and goes on as before. 
1258 The golden numbers had generally annexed to them a table of epaQts: © 
the epacã ſet againſt any year ſhewed the age of the moon on the firſt of march 
that year, or the number of days then wer ſince her laſt conjun&ion with 
the ſun; from whence it was eaſy to find the age of the moon for any day 
of the month in that year, which was the principal uſe of epacts before the 
correction of the calendar. 3 | EY 
1259 The table of epacts was made by the following method: the lunar 
year being 3 54 days, 11 days ſhorter than the ſolar, (in this affair only whole 
days are conſidered) eleven was taken for the epact of the firſt year; and the 
fame number 11 added to the epact of the year immediately preceding, caſting 
away 30 as often as by addition that ſum ariſes, ſhews the epact of every year of 
the cycle: thus, ſuppoſe on the firſt day of march in a given year, the moon to 
be in conjunction with the ſun; in the year immediately following the moon 
will have run through 12 lunations and be again in conjunction 11 days be- 
fore the ſun has gone through his annual courſe and brought again the firſt 
of march; and conſequently the moon will on that day be 11 days old: at 
the end of another year the age of the moon will be 11 days more, that is 
22 days: in the third year 11 days added to 22 the epact of the ſecond year 
make 33, from which number go muſt be caſt away, becauſe 3o days make 
a whole month, and the epact for that year is 3: for in three ſolar years the 
moon will have gone through 37 lunations, or three lunar years one month 


E 5 * © - 


ch and three days; that is ſhe will after having been in conjunction 37 times be 3 
ik WY days old on the firſt of march, at the end of the third year: thus the table of 
'- Wl <pats is made by adding 11 every year to the epact of the foregoing year, and 
r cating away 3o as often as by ſuch addition the ſum ariſes to that number of 
o days. The table reaches to 19 years only; becauſe when that number of years is 
« gone through, the epact begins again at 11, and goes on in the ſame manner 


another 19 years, and ſo on for ever, as was ſuppoſed. 3 
e beginning of the firſt cycle of the moon juſt now mentioned was on 
the firſt of january in the year before our Saviours nativity, according to the 
Dionyſian or vulgar account: therefore the golden number is found at any 
ume by adding one to the year of our Lord then current and dividing it by 
u 9: thus, in the year 1750, divide 1761 by 19 the quotient is 92, ſo ma- 
1 ny entire cycles have elapſed fince that time, and the remainder 3 is the gol- 
4 | wo if 
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den number for the year 1760: if there be no remainder the golden numbe: 
is 19. 'The golden number being given the epact before the correction of th 
calendar was known by the following table. - = 


Number. | T1 2 | 5 | 41 5 1617 | 8 19 hojujr2] 13 [14]15] 16 [17] 18 | 
EpaR. [XI[XXTI[IN]XIVIXXV[VIIXVIN[XXVINNEX[XX(I XIXXITNIIG RV XVII EE 


C] 


2 8 


9 


By this table it appears that the golden number was an index to the epact 
golden number 1, epact XI, golden number 2, epact XXII, &c. 
1260 It is generally thought that the golden number and epacts were in- 
vented by the Chriſtians of Alexandria, or that they were the firſt who xp. 
plied them to find the paſchal limits : that city had fo long been a famoy 
ſchool ſor aſtronomy, that in the early ages of Chriſtianity the Biſhops d 
Alexandria were often conſulted about the proper time of keeping Eaſter, 
The Egyptians, who as was ſaid 5 1235, had formerly a wandering yea, 
after the victory of Auguſtus over Antony and Cleopatra, ſettled it in the Julia 
form, but with a different beginning; for the firſt day of their firſt month 
called thoth anſwered to the twenty ninth of auguſt in the Roman year. 
1261 Both the golden numbers and epacts are ſaid to have been placed i 
the Alexandrian calendar, to point out the new moons : the Romans copiel 
it, but with ſome variation; for they retained january for the firſt month, 
and omitting the epacts, ſer down only the golden numbers againſt ſuch 
days as would have new moons: theſe numbers appear to proceed irregular 
ly, and ſometimes by leaps; there being ſome days which have no golden 
number aſſigned to them; becauſe thoſe days can never have a new moon 
happen upon them for a great number of years. The method of placing the 
golden numbers as they ſtood in the calendars before the Gregorian correction 
was as followeth, they calculated on what days of the ſeveral months the 
new moons would happen in the firſt, ſecond, third, and every other yea 
of the dec ennoval cycle, and againſt each day whereon there would be 
new moon in the firſt year of the cycle they placed the number 1: again 
each day whereon a new moon would fall in the ſecond year they placed 
the number II: and fo on through the whole calendar: ſo that the golden 
numbers pointed out every new moon through the nineteen years. Thus in 
the ſpecimen here given of part of the month of january, the number II! s 
put againſt the firſt day to ſhew that in the third year of the cycle, when the 
golden number is III, there would be a new moon on the firſt of january: the 
ſame ſpecimen ſhews there would be a new moon on the third of the ſame 


a Petav. dor. temp. I. 6. c. 1. Bela de temporum ratione c. 42. de uli decannovali. h 
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month, in the years when the golden number is XI; as alſo a new moon on 


figs eee en the fxth, when the golden 
number is VIII, . | | 


January 
III 1 4 
1 This diſpoſition of the golden numbers is the 
þ © WIT e (08 \ ſame as is found in Bede-who flouriſhed in the 
4 \ _ ] ſeventh century, in the calendars of the Roman 

e\XIX 5 > Breviaries, from that time to the time of the Gre- 
E VIII ö 3 porlan ian correction, and in our 3 
8 7 ks before the year 1752; the defect thereof 
e e mentioned g 12 56. 

Kc. &c.] | 


1262 The decennoval cycle has before been ſaid to bring the new moon: 
to the ſame day of the month, by means of ſeven emboliſmic months as they 
were called: in which of the nineteen years thoſe additional months were 
inſerted by the ancient Greeks has been mentioned in F 1241: the Chriſtians 
made ſome change in the ſituation of them; according to Bede, they inſerted 
them in the third year, in the fixth, the cighth, the eleventh, the four- 
tenth, the ſeventeenth, and the nineteenth, . 

The firſt fix ambolicalc months were each of thirty days; : that in the nine- 
teenth year contained only twenty nine days: this was in order to bring it 
about that the firſt year of the cycle immediately following might have ele- 
ven for its epact; and that all cycles of the moon, having the ſame begin- 
ning might be fimilar, and proceed in the ſame manner: — {0 much 
for the epacts before the correction of the calendar. © 

1263 In ſettling the Gregorian calendar they made uſe of a table of gol- 
den numbers and epacts; but in the calendar itſelf the golden numbers were 
omitted and twenty nine epacts or as the author calls them epactal numbers 
inſerted, which with an addition of the mark * made the number thirty; 


and theſe were placed one of them againſt every day of each month through- Min 


out the year, in the following manner: againſt the firſt of january ſtood the 
mark *, againſt the ſecond the number XXIX, againſt the third XXVIII, 
and ſo on, diminiſhing an unit every day, which brings the number I to be 
ſet againſt the thirtieth of that month, and “ to the thirty firſt: continuing 
the ſeries in this manner, XXIX anſwers to the firſt of february, XXVIII 
to the ſecond, and ſo on through all the months to the 20th of december, 
where, the faries of epacts having been repeated 12 times, againſt the 2 15 of 
3% at 


3 
| 

| 

3 
| 
| 
| 

| 
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december to begin with “ xx1x, xxv111, &c, 
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that month was ſet the mark *, againſt the 220 the epadt XXIX, again ; 
the 23d the epact XXVIII, &c. So that the laſt 11 days of december hai fine 
the ſame epactal marks as the firſt 11 days of january. —— Here followah epa 


a ſpecimen of part of the months of january and february, ma 
5 : Saad a+} for 
— x' Fn 
| cycle of epatts. Bominienl letter. days. | eycle of epas. |dominical letter. | dap * 
„ A 1 xxx d ry uſe 
| XXIX b 2 XXVIIL e 2 
F C 3 XXVII f 3 wy 
| XXVII 1 23. XXVI x - lf 4 = 
1 XXVI e 1 - XXV. Xxiv | A 
235. xxv f 6 XXII b ; * 
r g 7 | XXII c 7 in 
xXXx III A 8 xxl 1 fa 
TCC &c. &c. |&. ; 
; | | 9 * ——  BES. Be 0 
As there are but 19 years in the cycle of the moon, there can be but 19 a 
epacts in uſe in the ſame age; but in proceſs of time they vary ſo tha il © 
all the thirty will come into uſe in their turns: but the ſame ſeries of cpats Wi © 
does not return in leſs than about 7000 years. : 
1264 Beſides che epactal numbers expreſſed by Roman letters, every month th 
has 25 in the common figures ſet againſt one of theſe numbers xxv or xX] 
and that alternately: and a rule is given to this effect, that the epact xxv in pL 
Roman letters is to be in uſe when the golden number it belongs to is leſ i 
than 12; but that 25 is to be taken for the epact when the golden number i 
is 12 or more: thus, in the ſecond table F& 1266, under the golden number 6 a 
we find the epact xxv, but in the third table we have 25 under the golden ; 
number 17. In fix places of the calendar two epacts namely xxv and xxiv il © 
are ſet to the ſame day, in order to bring the lunations to be alternately of ] 
29 and 30 days; for if the 30 epacts were to proceed through the year in w- 
the fame manner as they do in the firſt ſeries of them in january, 12 times Wi © 
30 would make 360, which exceeds the number of days in the lunar year - 
by 6; to prevent this, fix of the months, namely, february, april, june, au- 
ſeptember and november, have each two numbers xxiv and xxv to 1 
one day, whereby the epactal numbers are reduced to ſtand againſt only 354 . 
days the number of days in the lunar year, ſo as to leave the laſt 11 days of . 
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The uſe of epacts is to point out the new moons by the following method: 
find the golden number of the given year by 5 1259, that being known the 
epact is found by the table or ſeries of epacts then in uſe, an example will 
make all eaſy; I would know the new moons for 1760: the golden number 
for that year is 3 by Y 1259, the epact is xx11, as appears by the ſecond table 
given § 1266, which is in uſe in the preſent age, and will laſt till 1900: 
every day then in the calendar to which the number xx11 is ſet will be a 
new moon in the year 1760. It was neceſſary to refer to the table then in 
uſe, becauſe different ages require different tables 8 1266, 1267. 

The uſe of 25 for an epact is this, in ſome ages the numbers xxv and xxiv 
may be both in uſe as they are in the third table; in which caſe they would 
indicate the new moon to fall upon the ſame day of the month twice in 19 
years, contrary to aſtronomy : to prevent which, 25 is then given in the table 
inſtead of xxv, and in thoſe months wherein xxv and xx1v are ſet to the 
fame day 25 is ſet to xxv1, one day nearer to the beginning of the month. 

1265 The moon anticipates, that is, new moons come earlier than the cycle 
of 19 Julian years points them out by one day in 312 years and an half, ac- 
cording to the tables made uſe of by the compilers of this calendar; how- 
ever, they thought proper to make their corrections at the ends of whole 
centuries, as being more remarkable and leſs liable to be forgotten than odd 
numbers of years; accordingly, they put the new moon forward one day at 
the end of each 300 years 7 times ſucceſſively, which amount to 2100 years: 
and in order to account for the odd 12 years and an half, they deferred 
putting the moon forward for the 80 time to the end of 400 years, when 
the period of 2500 years is compleated : thus one day is to be taken out of 
the lunar year, that is it muſt be made one day ſhorter, in the years 1800, 
2100, 2400, 2700, 3000, 3300, 3600, 3900, 4300, &c. 

1266 As ten days had been ſuppreſſed in the calendar, and the moons mo- 
tion had anticipated four days fince the council of Nice, as was mentioned 
\ 1256, it became neceſſary, to make a proportional change in adjuſting the 
table of epacts to the golden numbers; for this purpoſe, they made new cal- 
culations of the times of the new moons, taking the length of the year from 
the Alphonſine tables, and the length of the ſynodical month from Hebo 
Brahe: and gave three tables of golden numbers and their correſponding 
epacts: the firſt table was calculated to ſerve from the year of correction 
1582 to 1700: the ſecond was to be made uſe of from 1700, when the 
firſt rule in $ 1267 takes place, to 1900; for by the third rule no change is 
made in the year 1800: the third table would be good from the year 1900, 

| | 3X2 | | when 
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when the firſt rule again takes place, to 2200; for by he thin rule noch 
is made either in 2000 or 2100. The tables here follow. 


| A TABLE OF EPACTS ANSWERING TO THE GOLDEN NUMBERS PROM TAI 
YEAR OF CORRECTION OF THE CALENDAR 1582 TO 1700. 


Numb] 6 |7| 8 | 9 10111121314 115] 16 | 17 1849234 
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= TABLE OF GOLDEN NUMBERS AND THEIR EPACTS FROM 1700 T0 1000 


. 1 ke — «a 2 3 14 5 | 6 2 - - * 
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A TABLE OF GOLDEN NUMBERS AND EPACTS FROM 1900 TO 2200, 


G. Numb, | I ihe | 3 [4] 5 | 4 [7] ! g 2E e 


5 As the Gregorian calendar was ; deſigned to be perpetual, ſome rules 
were given whereby tables might be made of golden numbers and epatt 
that ſhould ſerve for future ages, in like manner as the three tables now gi- 
ven were to be in uſe from 1582 to 2200: ſome of thoſe rules are prefixed to 
the calendar of 1582 publiſhed by Lilius in that year, wherein he refers to 
a larger account of his method, which I cannot find was ever printed, per- 
haps he was prevented by death: C/avius who had been one of the committee 
that met at Rome about the calendar, and were ten years in ſettling it, ſup- 
plied that defect in a large work wherein he reprinted the treatiſe menti- 
oned 5 1244, and the firſt calendar publiſhed by Lilius, explained the me- 
thod of conſtructing the ſame, and defended it againſt the attacks of Mæiſſlinus 
Vieta and Scaliger: from him the three following rules are taken which ſhew 
how the epacts are to be corrected from time to time in order to keep them 


light, notwithſtanding the change of the times of new moons ariſing from 


the moons anticipation before mentioned. Clavii, oper. tom. 5. 


Rule 1. When the hundreth year or the laſt year of a century is a com- 


mon one, the biſſextile being omitted, F 124.5, and the moon wants no cor- 
rection, the epact then muſt be diminiſhed an unit; becauſe the ſolar year 
| as then ſhortened one day, and the lunar continues the ſame: thus in the _ 
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cond table the epact to the golden number 8 is xvii, lee were ee 
firſt table where the epact to the ſame golden number is xviii. 

Rule 2. When the hundreth year is biſſextile and the moon wants cor- 
rection, every epact is increaſed an unit: becauſe —_ ſolar you is then _ 
fame, and the lunar is ſhortened one day. 

Rule 3. In the hundreth year when the biſſextile is omitted and the moon 
correted, or when the biſſextile is not omitted and the moon wants no cor- 
fection, no change is made in the epacts: becauſe im the firſt caſe both ſolar 
and lunar years are ſhortened a day, in the ſecond caſe both continue the 
fame without alteration. 

1268 Clavius has given 30 ſeries of pod which uke in all the variety of 
them that can happen; he has alſo given tables with directions to find by them 
which ſeries of the 30 will be in uſe in any of the ſeveral ages of the world 
as far as the year of our Lord 303300, if the world ſhould laſt ſo long. None 
of theſe ſeries will be in uſe for leſs than 100 years at one time, fome will 
laſt 200, and many of them 3oo years. 

1269 In the correction of the Britiſb calendar we have followed the Gre- 
gorian in all points, except that we have made uſe of the golden numbers 
only, omitting the epacts; and have placed the golden numbers not againſt 
the days which will have new moons, but againſt the days of full moons ; 
and only againſt the full moons of the paſchal months march and april, in 
order to find out the time of Eaſter: in the reſt of the months they are omit- 
ted, as being of no other uſe than to find the age of the moon, which is 
better known by our common almanacks that are in every bodies hands. 
In the Britiſh calendar alſo are given tables for changing the places of the 
golden numbers, when the omiſſion of the biſſextile or the anticipation of the 
moon requires it; but we have not extended our view ſo far as Clavius has 
done: we have provided for keeping the calendar right to the year of our 
Lord 8500; which is far enough for us to look forward. 

Scholzum, It is indifferent whether new moons are ſhewn by ſetting againſt 
the days of them golden numbers or their correſponding epacts: the compilers 
of the Gregorian calendar uſed epacts for that purpoſe, becauſe they could 
be contrived to ſtand therein without any alteration. In correcting the Britiſh 
calendar the places of the golden numbers were found from the places of 
heir correſponding epacts, and each golden number was ſet not againſt the 
day of the new moon but againſt the 14% day after, which would be the 
full moon according to the ecclefiaſtical account, wherein the intention was 
not to attend ſtrictly to the true motions of the ſun and moon, but to find a 
”_ that ſhould be eaſily underſtood, and that ſhould Oy the three m_ 
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cipal points ſettled: by the firſt council of Nice, 1. that Eaſter might be il 
ways on a ſunday, 2. after the equinox, 3. after the firſt full moon that falk 
out upon or after the vernal equinox: though we have now more corre 
tables of cha um imd mean that wire made-uſe of by tho-compilers of th 
Gregorian calendar we follow the ſame rules with them. 

1270 As the feaſt of Eaſter is to be celebrated on a ſunday, in every cy: 
that is to determine the time thereof, regard muſt be had to the Dominial 
or ſunday letter, which in the old calendar was found by a cycle of 28 pn 
called the cycle of the ſun, & 1250. 
| Here followeth & table of the cycle of the ſun with the ſunday let, 
to which is added the cycle of the moon, as they were in uſe in the old a- 
lendar: I take them from 1672, becauſe in that year thoſe two cycles begu 


. which ee only once every 532 years. 17 
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1271 In the old 1 ke Sf once of the cycle of the ſun was a bi. 
| Textile or leap year, and had therefore two ſunday letters G and F; the fir 
of theſe G was hs ſunday letter from the firſt of january to the twenty fourth 
nenn day; — 
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part of the year: in like manner every fourth year being biſſextile had 
wo ſunday letters, the firſt. was. in uſe. from the firſt. of january to the twen- 
y fourth of february ; the ſecond for the remaining part of the year: the reſt 
were common years and had but one ſunday letter. In the old ſtyle the 
cycle of the ſun with the ſunday letter proceeded uniformly-in this man- 
ner for ever, every 28 years being the ſame as the 28 years * 


8- 
f To find the cycle of che ſun for any giren * add ꝗ to the year in c. 
tion, and divide the ſum ariſing therefrom by 28, (the quotient need not be 
regarded for that only ſhews how many cycles have elapſed fince the * 
ning of the Chriſtian æra) the remainder is the number of the cycle of th 
ſun required ; if there be no remainder 28 is the number: thus, for the year 
55 add 9 to 1760, the ſum is 1769, divide men 28, the remainder 5 is 
the cycle of the ſun for that year. 

This rule for finding the- cycle of the ſun. ef bb ine e 
alſo, but the foregoing table will not now tw the ſunday | letter; '3 as will 
preſently appear. 

1272 In the year of correction 1582 ad a the ſun was 23. the ae 
letter G; in ſuppreſſing ten days chere was no alteration made in the days 
of the week, but the ſunday letter was changed; for ſunday the 70h of octo- 
ber marked with G was by the correction made the 17h marked with C: by 
this means there began a new progreſſion of the ſunday letters, ſo that the 
fame letters would no longer og en to the ſame IN of the cycle of 
the ſun. 

In the Gregorian calendar i in every Four: ſubſequent centuries three biflextiles 
are made common years, by omitting the intercalations: in this calendar alſo 
2 common year hath but one ſunday letter, a biſſextile hath two, which take 
the ſame places in the year as in the old calendar; the cycle of the ſun and 
the ſunday letters proceed from 28 years to 28 ſubſequent, i in the ſame man- 
ner as in the old ſtyle, to the laſt year of a century, which 1s changed from 
a biſſextile to a common year; and this is done in the firſt three centuries 
of every 400 years: theſe three omiſſions of intercalary days in every 400 
| years cauſe each 'a change i in the ſunday letters, ſo that the ſeries of them 
| does not come exactly into the ſame order in leſs than 400 years, as Appears 
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1 A CYCLE or THE e SUNDAY LETTERS FOR FOUR HUNDRED | 
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In this cycle-the ſunday letters for the hundredth years are thoſe next un- 


der each of them, as for 1600 B A, for 1700 C, for 1800 E, for 1900 G 
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To find the ſunday letter. for any intermediate year as 1765, carry your eye 
in a ſtrait line towards the right hand from the intermediate number 65 to the 
column under 1700, and you bave the ſunday letter for that year F. It is 
obvious that by the ſame rule the intermediate numbers 9, 37; 93 upon the 
fame line with 65 ſhew F to be the ſunday letter for the years 1709, 1737, 
nd n e e i fo age ee e ee Ka ne e 
| Ha. The following table taken from the calendar publiſhed by Lilius in 
1583, ſhews how Eaſter is found from the epact and ſunday letter given. 
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In this table the epacts are ſet againſt the days whereon the paſchal full 
moons happen in thoſe years whereof they are the reſpective epacts: the uſe 
of it here followeth, in the column of epacts find the epack of the year in 
queſtion, againſt which towards the righit band ſtands the day of the paſchal 
full moon that year, then in the column of ſunday letters find the letter of 
the year that ſtands next after the day of the full moon, and the day of 
the month on the ſame line with that ſunday letter is Eaſter day: for exam- 
ple, let xx be the epact of a given year, whoſe ſunday letter is A, as it was 
in the year 1758, the day of the month on the ſame line with the epact xx 
is the 24 of march; then carry your eye down the column of ſunday letters 
to the ſubſequent A, the day of the month now on the ſame line with A 
mr t e ! 
u In the Britiſh calendar as now corrected there are tables ſimilar to this, that 
. vill be in uſe from the preſent time to the year 2199, with chis difference 

| n 3 * 102.4 Tb WI ie 


© © 


334 As TRONOMY TOY 
only that the golden numbers are therein put inſtead of their correſponding 
10 If the cycle of the ſun 28 be multiplied by 19 the cycle of the moo 
the product 532 is commonly called the Victorian or Dionyfien period: in thi 
number of years thoſe two cycles beginning both at 1 run each through 
ſeveral courſes and begin together again at 1: this is alſo called by ſome f 
great paſchal cycle, and ſeems to be originally intended chiefly for finding 

- Eaſter, for it was ſuppoſed that in 532 years the new moons would return 
to the ſame days of the month and the ſame days of the week; and conſe. 
quently that Eaſter was to be kept on the ſame day of the month as in 
the ſame year of the preceeding'period: the beginning of this cycle was by 
Vifterius the inventor. of it fixed at the baptiſm of our bleſſed Saviour, but 
by Dzonyfus removed to his nativity. This period will alfo ſerve to aſcertain 
the time of paſt tranſactions, for if it be ſaid of any event that it fell ot 
in: ſuch a year of ſuch. a period, or that at the time thereof the cycle of the 
fun was ſuch a number and the cycle of the moon ſuch a number, the yeu 
is ſo characteriſed that no other year can be miſtaken for the ſame ; for ng 
other year except one 532 years before or after it, can have the ſame num 
bers in both cycles of the ſan, and moon. Some writers who have made thi 
uſe of it began the firſt period at the creation of the world, according to 
the account thereof which they thought moſt agreable to truth: thus, at 
the end of the chronological table af Maximus publifhed by Petavius in his 
Uranglogion, p. 355, we have eleven of theſe periods mentioned, with the 
times when each of them ended; the firſt is faid to be ended in the 97 yer 
of Enos, the ſecond in the 130 of Jared, the third in the 142 of Lamech &c. 
The ſame method of faxing the times of ſeveral tranſactions related in the 
old teſtament is made yſe of by the author of a treatiſe de mirabilibus S. ſeri 
tur, printed among the works of St. Allis but manifeſtly of a much lu 
date ; he fays, for example, that Naabs flood fell out in the 114 year of 
the uh cycle from the creation of the world, &c. Auguſtini oper. pag. 529 
CSE. - 


A 
1 


D Lai len THE S777 3 24 N 
1 127 5 The Roman Em erors at their inaugurations uſed to give largeſſe 
to the ſoldiers and the populace, and every five years after to make them frelb 
donations: upon theſe occafions they were ſaid dare quinguennalia, decennalia 
uicemalia; according as theſe donations were in the fifth, tenth, or tweaticth 
year of their reign a. Fifteen years were called an indiffion; Conſtantine gate 
his, quinguennalia in A. D. 312, the year of his victory over Maxentius, li 
nale i Years after; hence probably the indiction gf 3 5 years took i 
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riſe, and it became cuſtomary after Conſtantine, in ſetting down the time 
of a tranſaction to date it in ſuch an indiction, as in the firſt, ſecond; or 
third indiction, &c. by which was meant the firſt, ſecond, or third year of the 
indiction then current. The beginning of the firſt indiction was in ſeptember 
A. D. 312; the Popes bulls began it ons the firſt of the january following 
this period being carried back to the Chriſtian æra will ſhew that the nati- 
vity of our Lord-was in the fourth indiftion, that is in the fourth year of 
that period: therefore to find at any time the indiction, add 3 to the year 
of our Lord and divide the ſum by 15, the remainder, if any, is the indiction; 
if there be no remainder 15 is the indiction. The greater number of characters 
xe applyed to any year with the greater certainty is it pointed out: the years 
of the cycle of the fun and moon are good marks of time, eſpecially if they are 
both ſer down: if the indiction be mentioned it aſcertains the year ſo chat. 
no other year can be taken for it but one 19 years before or after. 
1276 Foſeph Scaliger by multiplying together the numbers of the cycles 
of the ſun, moon and indiction, namely 28, 19, 15, or, which is ade ſame. 
thing, multiplying, 532. by 15, produced the number 7980, which he called 
the Julian period; becauſe it conſiſteth of ſo, many Julian years: the length of 
this period is more than ſufficient to take in all the tranſactions that have 
pened fince the creation of the world; for the beginning of it is above 700 
years before. that epoch, according to the account moſt generally received. It 
is of great uſe. in chronology; for, as we may always know in what year of 
the Julian period the current year is wherein we are conſidering any account 
of paſt time, if we refer any ancient event to its year in the Julian period, 
we aſcertain the time exactly; which cannot ſo well be done by ſaying how 
many years it was after the firſt olympiad, or the deſtruction of Troy, or 
the building of Rome, or any of the epochs about the times of which there 
84 among chronologers: in effect, the beſt way of fixing any 
other epoch is to refer it to the year thereof in the Julian period: thus, in the 
chronology of Helvicus, the farſt year of the firſt olympiad is placed in the 
3938 year of the Julian period: the building of Rome in the 3962 year of the 
ſame, &c. According to the Dionyſian or vulgar account, the birth of our 
Bleſſed Saviour is placed in the 4713 year of the Julian period; conſe- 
8 if this 4713 be added to any year of the Chriſtian era it will give 
year of the Julian period: thus, 7 rg added to 1700 ramen) N 
o be the 6413 year of the Julian period. | 
Petavius is very large in the praiſe of this pe eriod, uM 0 
taken for an inſtance of his candor towards Klee. whom he had ſpent a 
ae of pages in abuſing ; and yet his candor could not be con- 
3 tented 
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tented to let kam vr the hondur bf this invention; bon de mys it was 1 
from the Conſtantinopolitans; who ſometimes indeed applied their cycles of 
the ſun, moon and indiction td their . mild. but 
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1277 When {ped conſider the motion of any of neh bo bo 
dies, they pitch upon ſome fixt point in the heaven from whence they begin 
their reckoning: thus, the regreſſion of the equinoctial points may be expreſſed 
by faying how much they go back, in any given time, from the interſection 
of the ecliptic by a circle of latitude drawn through the firſt ſtar in aries; v. 
660: In chronology,” to aſcertain the time of any paſt event, ſome diſtant re 
markable tranſaction, as the creation of the world, the building of Rome is 
taken, the time whereof is conſidered as a fixt point, from whe: es 
count is begun: this fixt point is called an epocha or eras, 

1278 The epoch now moſt common in Europe among Chriſtian nations 
is the year of our Led: this was firſt brought into uſe A. D. 527 by 
Diomyſus exiguns, who made the beginning thereof on the 25 of march, the 
feaſt of the annunciation of the virgin Mary, at which time the conception 
or incarnation of our Lord was ſuppoſed to commence, and his nativity to 
have fallen our 9 months after, on the 2 5 of the december following. Hence it 
is that, till the time of Bede and after, events wore dated from the incarna- 
tion of Chriſt, and the 25 of march was made the beginning of the year, 
eſpecially in eccleſiaſtical affairs; but in later times, as the Julian year came 
to be more generally received, the firſt of january was taken for the begin- 
ning of the year, and it became cuſtoma ry to expreſs the dates of tranſactions 
by the years from the birth — Tr is eaſy to ſee the difference be · 
rween theſe two ways of computing, by the following example; if two events 
were ſaid to have happened one of them on the 20 of june in the 100 year 
of the incarnation, the other on the 20 of june in the 100 year of the birth of 
our Lord, there would be a difference; of a whole year between thoſe dates. 

We \firſt year. of the common Chriſtian era begins on the firſt day of j- 
nuary that immediately followeth the december in which Chriſt was ſuppoſed 
to have been born: this epoch. came into uſe. ſo many years after that tranſ- 
action, that it is no wonder it ſhould be found not to be exact: ſome male 
it one or two, ſome ſout or five years before the vulgar æra, but among the 

2 Ar l an old latin word for a number; epocha gr. me ſignifies a flop. Sealge, de emendation 
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various logers, chat ſcerns to be toſt ap cred hich plas 
F Boe Sealiger- u. 
mend; np. Neravius de-dobirina temp. and — kn tit: arium 
che {aſt mentioned author gives the opinions of fifty writers 
on this ſubject. See alſo the preface to Prideniet's connection 
In England ve hadi formerly two beginnings of the year, thefirſt of janu- 
uy and the ag of march; fince the cotrection of the Beitiſ calendar by act 
of parliament in 17 5a we bave only one beginning, the firſt of januaty: 
rnevertheleſsin ſettling the times of of rents, &. we ſtill retain the 
ancient quarter: days of the year, namely, the feaſt of che annontiation, of 
St, Michael, St. Thomas, and St. John Baptiſt. 72,10 aft 51; 
The vulgar Chriſtian may be mãde uſe of as well Wladi he 
times of paſt events chat fell. out before as thoſe that happened after it: thus 
—— in his chronological tables places the deſtructien of Trey in the 75 
car before Chriſt ; and this method gives us a clearer idea of the diftance 
5 12 Kom the preſent time thawiedces to ſay i in What year-of the 
Julian period Troy was deſtroyed . 68 d: O L309, ach do gnignig 
1279. The day" of our- Lords. nativity —— ſubje&'of great con- 
roverſy, as may be feen in the authors juſt no quoted the 2 Uf december 
was not, according to Scaliger, in the weſtern Churches aſſigned co com- 
memerate that bleſſed event, till after Conſtantine; nor was it received in the 
Greek Churehes till the eite of Obryſofom who ſays it was'nor- den years 
fince the obſervation of that day eame to their knowledge.- 3400) 96 git. 
The Church hath (witty good reaſon appointed army 
memory of the birth and paſſion of our bleſſed Savioury/ — ths 
moſt remarkable paſſages of his life: whether the times 6f thoſe ſolernmities 
uſwer exactly to we dies of the origiaaÞtranſaRiobs or net, wetticed hot 
be exweamly ſulhciheus, 8 Hf 18 à ching impoffible for us to Know with ably | 
certainty,” and 4f — — _ % 
much greater conſe to be carefull that the commnemdtgtion 
rents wherein we are ſe greatly intereſted bea | wwith'p — 
tments of holy joy; gratitude; und ved! 2201] 31503 10 ιν,jꝗl Hadid 
1280 To che velgat Ohtiſtian epoch, e may refer all orher· 
mong which that Gf be creation « oughit· to be mentioned in ths 
irſt place: it is on made uſe of by Jews and @hrſtiang;"the'rich thereof 
n matter of great eotitroverfy: Ai bat oval 03 bick 01g arable ; NT 
Among "the ancient philoſophers there were a few, utheiſtzcal Onës ho 
vere abſurd, enqugh to imagin that this beautiful frame of the unixerſe was 
odds by chance, or a fortuitqus jumble of atoms; but far the greataſt 
part. 
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pref dend bold t che world was made, and that it vas the work of u 
intelligent being. It was a maxim among them that nothing could be pry. 
duced out of noching. and therefore they all agreed in aſſerting the.cternity 
of matter, that it never had been enten or made, and conſequent) 
could not be deſfirgged; or annihilsted .. of 2 10 
Some of them were of opinion that he work mud ane exiſted from eter. 
nity, and chat, as lights from dhe ſun, the world was an eranation from the 
ſupreme- being i whom theꝝ conceived to be perperually exerting his power, in 
framing and ordeginghis: work:: e notion, there had 
been an. infinite ſucceſſion of mere and raſtoced, before 
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- (Others, held: chess the; world, was made in time; bur at the diſtance of 
many ages, that ;it-would. be a vain attempt to efideavour. to find out hoy 
e had elapſed ſince the formation there. 

Varro the molt learned man among the Romans divided ken paſt 
ages, of the world: inco. three, gat periods, the firſt of theſe from the be- 
ginning of the world to the flood he called,uncertain..or unknown; think- 
ing it impolhbleto.dicoverithe length thereof, or to know with any certainy 
any f zhe canſacdiong that felbou therein; r e the flood 
- and che firſt olympiad he named che fabulous time: from che firſt olympiad 
a0 his on age he called the hiſtorical time, as moſt of the facts related t 
have been done in chat interval were authenticated. in written hiſtories that 
might be looked upon a deſerving belief b, ⁵ Ff 
1281 There wert mong the ancient heathens retnains of traditions, bothol 
the creation of the warld ant the flood; bur.much-difguiſed by fable: this, and 
che want. of, troe hiſtory of very ancient times, gauę rm for hiſtorians to 
gratify their own wanity, or that; of their Princes apdicountrymen, by railing 
dhe beginning & their Kingdoms and States ſo high, as 0 he many thouſand 
. vf, years prime Fun ghy eee ee en 
that we have, thereof... 11> 16s (1 mend: 02:99 ger pi 424/24 
The FEgyptians, in order to vouch for. the antiquity of their nation, er- 
hibited a ſeries of their Kings ſo immenſely large that, if it were not quite 
fckitious, has been by learned men thought to haye been, compoſed by plac- 
ing ia 4c Kings of Mete eee per Princh 
Who, wege contempgrarys,/and reigned ayer, different provinces. 

The Chaldeans are ſaid to have made like extravagant pretences to ants 


quity d, which appear as ill founded, by. the low date of the moſt ancient 
2 Cucheurth. ell e bock 1. e.. bi Senlovims, ob die dab, zt, e Marſham, com 
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aſtronomical obſervations that CalliPbents was able to find among them in 
the time of Alexander the great, none of which were above 1903 years old a. 
dome Chineſe 'writers ate alſo ſaid to have placed the original of hett 
nation ſo high as to antleipate many thouſand years the ereatien of the world, 
25 we have good reaſon to ſettle it, but their beſt: hiſtorians are ſaid to look 
upotr' all relations Before: Fo bj as uncertain and fabulous:' and thought they 
name five Kings between him and Tuo, who began big reign about 2 500 years 
_ Chriſt chey give nothing befides their names 5 mentioning neither the 
length of their reigns nor their actions b. 'Soing-learned men have thought 
Fo bi to have been another name for Noah, who with fome'sf his deſcendancs 
rcired to that: pare of che world, before the diſperſio of mankind occaſrmed 
by the confuſion of languages. See 5huckford's connettion, v. ip. 20/6002. 
1282 What no other-writing can de, the moſt ancient of all writings, the 
the books of the old teſtament will help us to the knowledge of the age of 
the world, and che time of erin ehereef; -not/Indeed-withatouracy 
and certainty as ſome pretend; but ſuffibiently ſo, ro Aitiefya/reaſonableman . 
in a matter of ſuck difficulty. When e fer down the diftanees of thethea-  * 
venly bodies, ve do not pretend there may not be an error of ſome cho 
of miles; and when we ſettle the time of the creation of the world we ca. 
not be ſure we do not make it ſome hundreds of years earlier or later than 
the truth.“ 0 4% 9955 . . % Niet eon ban bow art 20 
1283 Great part of thjowincertainey arlles fiphy the diſerence tab in 
our bible, between the Hebrew: copies BO id being and thok ea ans 
cient tranſlation cherebf in Greek coriinonty called the ſepteagintz i the 
ages of the antidikaviatts, And of thoſe born after the —.—.— Abeakam: 
in the ſepruagint the ilives/ of most ef te petſons ares gef down oamuch 
longer than in the Hebrew, that!'if we eompute' the. i heteen ihd cregtlon 
and the flobd by the former ie) wil come@our 606 yaatscgore derbe che 
latter: according to the feptoiginr, Rem the'ereation-tothe flood there are 
2262 years ; according to che Hebrew text n mere thaw 26x60. 5507 
There is alfo a'like difference in ſetting down'the ages f thoſe born after 
te flood before the birds of Abischem: "the" — 
to many of them chan the Hebrew does; and, befides t 
and Sala takes in a ſecond "Caſhin, | hot ited in the 
130 years old #+/the birth of Gala? 10 that, upon the ee banaler 
tween the flood and the birth of Abraham is 187 years aceording-to 
wagint; . the Hebrew, only 292: the ö 780 years. 
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The time from the creation of the world to the ** out of the 
Children of Iſrael from Egypt, is taken from the books of Moſes: the other 
intervals, from che crodus to the building of the temple, from the temple u 
che captivity of Zedekiah, are all gathered gut of the books of the old teſtz 
ment: the time from che captivity to the birth of Chriſt is made out from 
Joſcnbas and uch hiſturians as write of thoſe Kings and States who had any 
tranfactions with the Jes, compared with each ther and with the Bum, 
geliſteʒ but the u year of Nebuchadnezzar-in which: the captivity of Zede. 
kigh4s:recorded-tothave-happened.is-with great certainty. connected with t 
common Qhtiſtian ra by che canon of Prolemy : rod wh 

AB Them be creation: to; te natiuity e pur; Lordi the. greateſt part o 
thaſevho. follow the Hebreyx aceount reckon about 40 years. The Greek; 
ho uſe the ſeptusgint :compute! che interval between the creation of the 
world and the beginning -of che Chtiſtian era at about 350 years. I ha 
given both comp)Ziins in round; numbers, that they may be gore cal 
remembared its in vais to pretend: to exactneſsʒ̃̃̃ͥ 2 

-:2ka8g It would be going <0o far from my ſubirct to enter into eden 
among che learned: abaut theſe-two.accouncs, whether the Hebrew or that of 
che ſentuagint in to be preferred: Strauebius hath treated thereof at large in 
che bank before! cited; as hath alſo the learned Sbuctfard, in his connection 
of the facred and profane hiſtory, vol. 1. from 44 to the end. | 
111 4286:\It-wasmeptuoned $:1280,; thac the epoch of the creation was made 
| uſe of hy the Jews is well as the Chriſtians; but it muſt be obſerved that the 
DT de make, the time of che creation ſo ancient as even the 


— —— e years: th 


pg pms cms Bebe 
chem began 777 years bakers Chriſt. ah WIT 9.11 ood; raps! 5 
1298 T he hojldiog of Rome was a len years later, it js generally refer 
— year before Chriſt neither wo two laſt; mentioned epochs at 
exaRtly and cermiply determined. Rane 40 ati adj bin bu. | 
1289 The year, of Nabonaſſar is 
of it Was on * of februar e the Julian year carried back to the 74 
year before Chriſt: as this was it day of the Egyptian year, P 7 


E 
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in bis Almageſt computes from it, and ſeveral writers after him, and Coper- 
nicus among the reſt ; all reckoning by Egyptian years of 365 days each, the 
moſt convenient of any for aſtronomical calculations, 28 they confiſt of 


whole Bays ltd TrlQtions.” 07 0 Os 0 00005 en 

The year of the death of Alexander the great is another h dt iſe of 
by Theon and Albatennius: it begins exactly 424 Egyptian years after the rh 
of Nabonaſſar. As for other epochs, as that of the begira or flight of Ma- 
bomet from Mecca to Medina, the ra of the Seleucidæ, that of Dioclefiant or 
the martyrs that ſuffered ynder his perſecution, and others now of little uſe, 
they may be ſeen in books of chranology, and particularly in Scaliger de 
emendatione temporum, & iſagtg. Petavius and Straucbiun. 

1290 There, are various opinions about the time of the year when the 
world was crexted, ſore will have it to have been in the ſpring, at the ver- 
nal equinox; 'others, which ſeems to be the moſt generally received opinion, 
contend for the guturpoal equinox: to cftabliſh this Strauchius brings no few. 
er than ten 1 Some writers haye pretended to find the day and year 
of the creation by aſtronomical. calculations; but in order to this they take 
for granted certain poſtulata without ſufficient proof: thus, ſome” have ſup- 
poſed the fun and moon and the orbits of cho luminaries at their creation 
to haye been in certain poſitions, wherein they are not found but after a great 
number of years; and they by ta ; 


time” they were in ſuch poſitions : Kepler s ſuppoſed the ſuns apogee at the 
time of the creation to haye been in o® of , the point of the vernal equinox, 
and finding — in the year 1600 to have been in 19 14 36 of n, 
compures the creation to have been 3993 years before Chriſt, and ſuppoſes 
it to have been when the ſan was in o' of 2s the point of the ſummer 
ſolſtice: flom the me” principle Longomontanus b by ſuppoſing 4 diffe- 
rent motion of the ſuns apogee, makes the” cteation only 39 54 years" be⸗ 
fore Chriſt. © A like attempt to diſcover the time of the creation has been 
made by a late author” from ſome of Bradley's obſervations of the ſun and 
moon: how likely any method of this kind is to be ſucceſsful I leave to the 
feader to judge. 1-32. {51-0035 bevy EL Jain rat's tin 

The intervals between the birth of Abraham and "the flood mentiofted 


tables of their motions have Gleulated at what 


} 1233, are taken from Strauching's chronology; "but have been matter of 
diſpute as may be feen there, p. 195. See alſo Shuckford's connection, 
vol. I. P. 273. S, egy „een AH p3 DAI Ih ene 19 N Fs 
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1291 of al he ten bodies there are nand * NE whereof ur 
apparently ſo irregular as the comets ; for they.are found er in al 
parts of the heaven and move in all directions: and, though. they be very 
numerous, it is rare to find any two of them that have gone very nearly in 
the ſame. track: one thing has been bbſeryed of them i in general, that the 
velocity of their motion increaſes as they draw nearer to. the ſun, and is re. 
| tarded as they recede to a greater diſtance from that luminary. | 
1492 It has before been ſaid, f 618, 624, 637 and 641, that ſeveral 
comets perform their revolutions round the ſun, thar they revolve. in elliptic 
orbits, that their otbits are in different planes, that their eriodical times 
are different, and that the motions of fone of them are direct, of others re. 
trograde: this account of-the cqmers is now generally acknoyledged to be 
true by the aſtronomers of the preſeyt age, and is. Tefile of many end 
obſeryarions, and laboricus calc ions of the moderng: paxt of this do 
Vas received by ſome of the moſt ancient philofopb. . the Greeks, of 
the Hale and arg ichools; far hey held them, 2 e ſo far of the 


= | e qut f , for mec, ben & 
imuenſe diſtance From che ord, . 1 Fa en i 
into the Jower | regions of the ai air, being then ag to us. 

Tbeſe opinions were probably brought from at from * the 
Greeks fetched great part of their learning: the Egyptians. are thought to 
have e d 1 qgnomy from Chaldea : the ancient Chaldeans are ſaid 
nat only to have hed e comets to be a kind of planet, that had pero 
dical 1e 1755 ve foretold their appear this laſt was un 
doubtedly a vain boaſt 2 bur js the leſs to, be wond od at, as ele 
tended. to forerell earthquakes alſo; theſe predictions were probably founded 
not upon any knowledge of the Needed times of comets, or any maxim 
"of true philoſophy; but upon ſome fallacious rules of n aſtrology, to 

that nation was greatly:addicted. ;_. | 

1293 Ariſtotle, who, paving this Arie of the the -ancienr ; philoſophen 

b cometz, Was. himfelf of another qpinion: be maintained that the bez 
vens were unchangeable, not liable to generation or corruption: conſequently 
that comets, which he thought to be generated when they firſt make their 
appearance, and to be deſtrayed when they can na-longer. be ſeen, could not 
be:redckoned among the heavenly badies, but were only meteors or _—— 
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raiſed up into the 1 upper regions of the air, where they blazed out for'a while, 
and diſappeared when the matter of which they were formed was conſumed . 
1294 Seneca, a Roman philoſopher who lived in the firſt century of the 
Chriſtian ra, mentions of Myndus, a very cateful obſerver of 
natural cauſes to have been of the ſame ſentiments with the moſt ancient 
Greek philofophers, wich regard to comets. Seneca, bad himſelf feen-at:leaft 
two comets, | one in the reign of Claudiut, the othet in that uf Neru; beſides 
that which he ſaw in his youth a little befbre tht death of Auguſus which 
in one place he calls a comer; in another a prodigy: he manifeſtly intimates 
that he thought them above the moon; argues ſtrongly againſt thoſe-who 
imagined them to be meteors lifted: up into che dir by Winde, ar held fome 
other abſurd opinions concerning them; and declares: 1 
were not fires ſuddenly kindled, dut the eternal productions of nature. 
The fame writer points out the only way r — 
matter; and that is by collecting a number of appearances of comets, in order 
to diſcover whether they return periodically or not; for vrhich purpoſe, ſays 
he, one age is not ſufficient: and hie goes on to prophecy; that the time will 
come when the nature of comets and their magnitude: will be demonſtrated, 
and the routs they take, ſo different from thaſe of the planets j and that 
ity will wonder the A TOUTE n 
plain and eaſy to be known b. an 
The cauſe ot chis igneruance — ee gratavibo- 
rity that Ariſtarie had among the aſtronomers andiphi of later times; 
{o great that his aſſertions were taken for demonſtrat ions: ſo. thateven where 
the ſtudy of aſtronom y flouriſhed; no body thought is worth: the while, to ſet 
down the motions of what that philoſopher had pronounced to be nothing but 
meteors caſually lighied up in the air, though they were ſaund to be at a great 
height, higher than the clouds, and ſubjeſt to the diurnal motion which: the 
clouds are not; however, the appoaranoe of comers heing rerd and uneemmoa, 
ſuperſtitious fear! laid hold an that ciconmſtaoe and whagintd they portended 
great changes upon the earth, and diſaſtors to mankind : that hey were fore- 
3 of _ — ——— deatheof great men and revo- 
utions in kingdoun and agreably to chis apinion, they were judged to 
have different influences acbortlinꝑ to:tlicir-diffiirens appearadees; from whence = 
they had alſo — (dncthninationss: fon ſame- wore: :{sid.1to, be brorided, = 
ſome hairy, ſumo to epnoſent alem a fund or ſhear; others u target or 
buchler; whereas the aſtronomers of the pre ſent aga/ acknowledge but one 
ſpecies of oe) and er ee Tpeegese)b pg 
a lane, L. i. c 6. b ee. eee 
34 | the 
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the diverſity of their. ficuation:with reſpect to the ſun and the torch now had 
they been believed by the ancients to be ſolid bodies, coeval with che ſolat 
ſyſtem, whereof they make a conſiderable part, they would no more haye 
been objects of fear than the tifing and ſetting of the reſt of the heavenly 
bodies are; they would have excited no other ſentiments in mankind than 
vrhat every other: phendmenon in the univerſe ought to excite, admiration of 
theiiinfinite- wiſdom and power of the. ſupreme Being, manifeſted i in the 
1 grandeur and perfection of the works of the creation 
1295 Hebo Brabe was the firſt among the moderns who reſtored comets 
to their true places, in the planetary. regions; for though after the revival of 
learning in Europe, ſeveral comets had been before tolerably well obſervedby 
Negiomontanus,  Apian, Fabritius and others, yet they all thought them below 
the moon: but Hebo, being provided with much better ĩnſtruments for obſery. 
ing the ſtars, than had been uſed by any aſtronomer before, ſet himſelf to obſerre 
the famous comet which appeared in 1577 with great diligence, and from 
many careful obſervations found that it had no ſenfible diurnal parallax, and 
therefore was not only far above the limits of our air, but much higher than 
the moon itſelf; a may be ſeen at large in his bock de.cometd anni 1577. 
1296 Though few comers have come ſo near the earth as to have a diurnal 
parallax, they are all ſubject, in the ſame manner as the planets are, 0 what 
may be called annual parallax; that is, the revolution of the earth in her 
orbit cauſes their. apparent. motion to be very different from what it would 
de if they were viewed from the: ſan fan, or any fixed place: for example, 
thoſe comets:that revolve 46 the'order of the figns,' when they are 
near diſappearing,” in goirig' towards: 'rheir'-aphelions are retarded in their 
motion, and x. ther retrograde, when the earth is between them and the 
fun; and their velocity increaſes when the earth is going into oppoſition to 
them: the reverſe to this happens to thoſe comets: -which revolve contrary 
to the order of the figns; for ſueh appear to go faſter than their real motion 
carries them, hen the earth is between them and the ſun; flower, and 
even retrograde, tliat is contrary to their former motion, when the earth is 
going towards an oppoſition. This ſhevys them not to be ſo diſtant as the 
fixt ſtars, which are not gen toarinval: parallax: and as Hevelius ob- 


e . — is 4 proof of the earths revolution round the ſun, ee e | 


that, theſe motions of comers are inexplicable. 
1297 After Bebo came Kepler, who, in his book 15 ee from obſer- 
| -vations of the comets which appeared in 1607 and 1618, concluded that 
: comets move freely through the planetary orbs, with a motion not much dif- 


ferent from a rectilinear one: he was followed by Hevelius an mee, 
er 
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ſerver of the heavenly bodies, who found, by his own obſervations of two 
comets that appeared in his time, that they were not ſubject to diurnal 
parallax: that calculations of their places made upon a ſuppoſition that they 
moved 1n ſtrait lines did not agree with their true places; but that their 
arbits were concave towards the ſun: and concluded that they moved in 


paraboli ic trajectories a. 


1298 At length the great comet in 1680 appeared, which, deſcending out 
of the immenſe regions of ſpace, almoſt perpendicular to the ſun, with a pro- 
digious velocity; aſcended again in the ſame manner from him, with a ve- 
locity, retarded as it had before been accelerated. 
at Paris and Greenwich were now built, and in the hands of very able aſtro- 
nomers, Caſini and Flamſtead; who were both aſſiduous in obſerving.the 
places of this comet: as were alſo Montanars, partly at Padua and partly at 
Venice, Pontheus and others at Rome b, and ſeveral aſtronomers in different 
parts of Europe e, e, by whom it was ſeen i in the morning from the 4 to the 25 
of november in its deſcent toward the ſun; and, after it had paſſed its pe- 


ribelion, in the evening from the 12 of december to the g of march follow - 
ing. The many exact obſervations made thereof enabled the great Newton. 


The Royal obſervatories 


to diſcover/that ſo much of its orbit as could be traced out by the motion 
of the comet while it was viſible, was as to ſenſe a parabola, having the ſun | 
in its focus; and that it was one and the ſame comet that was ſeen all chat 


ime d: indeed he once thought he found it deviate a little, about the end of 
its appearance, from the parabolic trajectory towards the axis of the para- 
bola; and thence concluded that it moved 1 in an elliptic orbit, and computed 
its period to be above 500 years . 2 

Though the motion of comets be TY” to be in dust they are cal- 


culated as if they moved in parabolaes, for the caſe of calculation: Neuron 
ſolved a very el problem, worthy of his genius, which teaches from 
three places of a comet given, to find the 


1299 Not long after, Dr. Halley having collected all the obſervations. 


parabola in which it moves f. 


of comets he could meet with, compured the orbits of 24 of them, upon a 
ſuppoſition that they moved in parabolaes: but from the frequency of their 
appearances thought it highly probable. that they move in very excentric 


elliptic orbits, and return after | long 


periods of time. . The aſtronomical 


elements af the motions of, thoſe comets are ſet down 1 in the following table 


7 
x Heel prodrom. comet. p. 24. is He- ALE * * ons: 5 Mee ee ia ames. 
e Caſſini, abrige de obſerva. ſur le comete ann. 1680 & 1681. 
of 1680 was different from that of 1687: watery: 


„ "NAM p. 465. edit. Cartahe 1713... 
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d Domenico Caſſini imagined the comet 
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raken from Helley's ſynopſis of the of comets, a work that col 
him an immenſe labour, and is defervedly much eſteemed : it is tranſlates I not 
into French dy Monxier, and an abridgment thereof publiſhed by De Ia Lond ort 
N e e eee red 
Nene Re thi 
f 5 
1150 A "TABLE or THE ELEMENTS. oF COMETS. 25 
—— D c Fe =” ; time: — ha 
= r 
e BL ee ee 
a en ; 24a — — — ga 
1337 H 24 21 0 940666 6 25 rem 
1472 7 11 46 20 2 330 54273 2 28 22 2 reti _ 
1531 U 19 25 0117 0 56700 Aug, 24 21 18|rerog\ WY 
[£5321 20 27 O| 0910 'O& 19. 22 12 [ird i 
1586 m 25 4 0 46390 Apr. ar 20 3 diet 0 
197% VP 25 52 O 18342 [O. 26 18 45 retro BN 
1880 Y 18 57 20 1 28 Nov. a8 15 ode 1; 
15850 8 7 42 30 6 109358 Sept. 27 19 20 fdind A 
[159017 15 30 40 | 57661 1— 29 3 45|rety 
196% 12 12 3055 5129 31 19 55 
16 oy 20 21 oils | | 58685 16 3 8 en W 
— 1 26 21 0] 37975 [Oct. 29 12 23 direck e in 
1852 2 10 8 84750 Nov. 2 15 40 dire © 
6 n 22.30.30 32 35 50\ 25 88 460 44851 fJan. 16 23 4rd BN / 
| 1604 g 21 14 021 1 30 Q 10 41 25110257510 Nov. 24 11 52|fet% Je 
— m. 18 2. 0 76 . ts of 1 11 54 30 104% Apr. 14 5 15 erg : 
1672 27-30 30,83 22; 20]. 16.59 35 39 Feb. 20 8 37) dire 5 
Ne 26 40 10 79 32 15 8 17 37 J 280 fg Apr. 26 o zy rng, 
16804Þ 2 2 obe 9þ$ 2289 30 00612;}Dec. 8 © 6|dired 
1682] x5 21 16 5 39 17 56 3 2 8 45 58328 Sept. 4 7 0 A 
1683 23 23 6.5 11 62 29 30 50% July 3 2 Fo reuc BY ar 
1684/4 28 15 016548 fe 25 5 6 erg May 29 10 16 died ff 
5685 344% 27 1 25 17- o 30 325% 5 14 33A 1, 
—_ 27.44 18111 E. a —.— — — Oc. 8 30.67 retrogſ a: 
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1300 From comparing theſe elements together, it is plain that comets are 


not comprehended within a zodiac as Caſini imagined, nor indeed are their 
orbits diſpoſed in any order, but they move indifferently-in all manner of di- 


this proves at once t that the planets are not carried in ſolid orbs as the ancients 
ſuppoſed ;| nor are they carried round by ſwimming i in a vortex or whirlpool, 
as Des Cartes and his followers imagined. 
The comet of 1577 was remarkable for Tycho Brobe's diſcovering that it 

had no parallax, and conſequently was farther off than the moon: the Ari- 
ſtotelians diſputed this matter, and Scipio Claramontius wrote. a: treatiſe a- 


gainſt Hetze s aſſertion of no diurnal parallax. Niere gives a detail of the 
controverſy, which now no longer ſubſiſts. 


that the comet in 1682 was the fame wich that in 1607 and that in 1531: 
that it had a period of 75 or 76 years ; and ventured to foretell that it would re- 

turn again about the year 1758: time has fince verified the prediction; and. 
notwithſtanding what has been reported of the ancient Chaldeans and g 
tans, I chink we may fafely pronounce that an Engliſhman firſt ef all men 
foretold the return of a comet. The comet of 1661 ſeems to be the ſame 


with that of 1532, and to have its period in 129 years. From the 


lity of periods, and fimilitude of appearanees, Halley thought chat the 
1 TH comet of the year 1680 was the ſame that was feen in 1106. 


and Orefles about the year 531, and in the 44 year before Chriſt, wherein. 
Julius Cafar was murdered; and thence concluded that its period was 575 
years: but Mr. Dunthorne a has endeavoured to ſhew from a MS. in Pembroke 
Hall library, that the comer of 1106 could not be the fame with that of 1680: 
however, Mr. De la Lande b thinks the four ap | 
marked by Halley ſtronger proofs, than one ebjervation ſpghdy relaxin, and: : 
which might be very faulty. 

1302 Following the ſteps of fo great « man as Dr. Halley, cher-altnono-. 
mers have computed the orbits of 25 other comets, the elements whereof _ 
xe ſet down in the following table, all taken from the Philoſophical tranſ- 
actions, excepr'the third ootet from De ia Caille's aſtronomy ©, and the four- 
laſt from: De da Lande d. The times are reduced to che meridian of London, 


and all Wt fon 17.52 ne old ſtyle as thoſe in Holly's table are. 
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retions, as well 2 as direct, through the regions of the planets: 


1301 Halky, b Tree FO nies 125 


in the time of Henry I, that had bern ben in the conſulate of Lampodius = 


ances of this comet re- 


* 


5 


00 - 
N (449 


— 


"ASTRONOMY © 


- "BOOK J 


— _ 


%T 2112 ris 9 


o 2 — 


"_— 


- 


A SUPPLEMENT ro o HALLEY's - TABLE oF THE ELEMENTS or Comer. 


e 


1264 


1.533 
; 1593 
1678 


1699 
„ 


1706 


170 
1718 


11723 


1729 
11737 


* i 


7D. H, 56! 


0 


room 6..8 0 
— 105 Ic 30 


2 Þ 


175 
8 22 


E. þ M13 11 23 
23 43/N 22 50 29 
4 1 15/8 7 55.20 
100% 14 76 


{Aſcending node Tad of or | 
2 Ae 


P21 bo 


- | — — 


0130. 
55 


2 5 
1 © 


5 25 


430 0 


38 


31 


14 5 
37.49 
12 33 


0149 _ 2 


Son 237. 


* 21 

N 27 IKE 

m 2619. 

20% 27 46 
1 6 


Q 18 4 
H 12 4 25 
1 19 58 9 
N 1 26 36 
[= 12 52 20] 


28 4 21 
Dec. 30 21 15 


07% 


m 16 22 o[1 
ꝙ 27 25 14 
> 53.34 4 

| 1 


$1744 


fm * 
— 
N 
N 


81 Apr. 17 19 25 


Oct. 21 


Sept. 9 21 16 
Feb. 19 8 17 


Feb. 17 11 45 


June 


7124 


8 439 435 


7 55 
Mar. 12 13 50 


Nov. 27 2 1 
Dec. 16 12 r 


m 4 12 50 
N23 45 35 
@ 19 39 24 


18 20 


2 
2 


20 15 
5 42 44 
4 11 


2 15 50 


45 48 21 
#7 8 36 


5 
12 


1 
76 


18 56 19 


May 28 35. 15 


4 i 


7 56 55 
26 57 
50 89 3 1 


50 20 
40 15 
59 22 


437 23 


84.45 6, 


TIS 25 55 © 
S 12 38 40 
m 7 33 44 
S 268 4 


2 633 54] 
> 17 12 55 
1 10 5 41 
m 5 9 50 
v 6 9 24 
2 258 0.5 
R 3 8 10 
23 24 20 
* 19 248 


D 1: ts 0 


T 


| 55865 


'| fromthe ſun 


44500 
2 80 


dire& 
retrop, 

1655 1 [dire 
123802 ditec 


74490 |retrop 


— — 
64 590 direq 
26861 dired 
5994 |dired 

5 freu 

retrog 


dires| 
dire 
retrop, 
521 retrog 
ded 


—.— 
22282 
67358 


73071 


our 

21 c77 retro 
285 direct 
229388 |retrop 
84066! retrop, 
65525; did 


2%» RAY 


"33754, 4 
4905 re 
700 51 dire 
| 96193 retrog; 


201240 | direct 


zes By comparing theſe deer wich thoſe in Halley table ad od one 
another, none of theſe comets (beſides the firſt in 17 59, which was the fame 


h with thoſe of 1682, 1607 and 153 1, in Helley's table) appears to be the 
_. fame with any other in either of the tables, except perhaps the comets of 


1264 and 15506, or thoſe of 1596 and 1699 ſhould be the ſame. From 
hence we may conclude the number of comets to be very great: nor is it at 
| all 


od 
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all unlikely, from the immenſe interval abi of ſaturn and the n 
deareſt fixt ſtars, that many of them have not deſcended into the plane- 
ury regions, fince they have been looked upon as celeſtial hodięs, and ob · 
ſerved accordingly : beſides, it may often happen that a comet may. finiſh its 
whole period without being obſerved by us, on account of the unfavourable - 
firuation of the earth in her orbit when the oomet is near its perĩhelion: thus, Cs 
if the comet be then behind or before the ſun, or neatly ſo, ãt muſt be aboye 
our horizon in the day time, and conſequently inviſible, except the ſun 
ſhould at that time be in a total eclipſe ; for then the comer might be ſeen — g 
near the ſun, as well as the ſtars and planets are: and this caſe is ſaid to have . 
happened, for Seneca relates from Pofidonius, that a comet was ſeen when 
the ſun was eclipſed, which had before iti, by beings near . | 
luminary . 7 
1304 There is a manuſcriped.in the library of che Univerſity of Cambridge 
wherein ſome account is given of a. comet chat appeared in the ſpring of 
the year 1299; Mr. Duntborne, computing from what is therein related 
(though ir be not ſufficient to deteemin the elements, with any accuracy) finda 80 
the aſcending node to have been aut ag of n, the inglination of its orbit 
about 20” ; the place of the perihelian.(yhereio the comet was about the begin- 4 
ning of february) near the end of W cg the beginning of N, its perihe- 
lion diſtance a little greater | than the mean diſtance. of the carth from the 
ſun, and that its motion was retrograde. all theſe elements agree ſo welt 
with thoſe of the comet e thinks it was probably hbe 
an compe ; if it wn, the fe thereof;is about 365 years.” This receives 
1 from the hiſtorꝝ of comets ; for, though we meet with no ! 
nt of any comet in 934, one, perigd backwards, we find; there was, f 
comet ſeen in 570, nearly at the diſtance of turo periode, as there was alſo 
ne in the year 204% at the diſtance. of a third period. . From hat, 


was faid & 1303, it is n nene | 
not be viſible in another pe riod. | | 


1305 More comets are : ſeen in 1 hemiſphere — the fan, than ;nche. 
oppoſite hemiſphere, the reaſon hereof wi will eaſily appear from the 1 19 1 19 
figure, wherein 8 repreſents the ſun, x the earth, the circle a Ben; the 
ſphere of the fixt ſtars ; and, becauſe. comets do not either reflect light enough 
to be viſible, or emit tails conſpicuous enough to be taken notice of by us till 
they are come 8 2 the NN __ e a way within 
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716. the ſphere of jupiter, let K L N be a ſphere concentric to the ſun at ſuch 
119 diſtance from him that no comet can be ſeen by us till it comes within the 


faid diſtance: through x draw the plane q v perpendicular to s x which vil 
divide the ſphere x L N into two portions L M and KL, and the ſphere 
A BCD into two hemiſpheres one of which 8 ev is towards the fun, the other 
DAB is ; oppoſite thereto: now it is manifeſt the ſpherical portion LM 
which is in the hemiſphere BcÞ towards the ſun is larger than the portion 
NEL in the hemiſphere DAB oppoſite to him, and conſequently more comer; 
will appear in the hemiſphere »cD than in the hemiſphere DAB. 

1306 It has already been ſaid that the orbits of comets as well as thoſe of 
the planets are ellipſes; it muſt be added that the elliptical orbits of the co- 
mers differ very much from one another; whereas, mercury excepted, there 
zs very little difference between the orbits of the planets, as to their excen- 
tricities or the poſitions of their planes: comets differ very much from each 
other in both theſe particulars; for the planes of the orbits of ſome of them ar 
almoſt perpendicular to thoſe of others, and their cllipſes are of very different 
forms, ſome being much wider than others thus, the ellipfis of the comet 
ef ide wes mans anrwiteritivn bby te reed. There is all 
2 greater inequability in the motion of the comers than in that of the planen: 
the velocity of comets is in their perihelions than in 
- their aphelions; dhe motions of the planets are bur a very little ſwifter in the 

former ſituation than in the latter. See book 2. chap. 4 & 7. 

It is obvious to remark, that if a comet were to continue to move with 
the fame velocity, itt would be ſwifter when it came nearer 
the che Sor the are through-which it goes in any given time, like all hr 

_ appears larger the nearer it is to the eye. 
| he greateſt apparent velocity of a comet mentioned any where is th 
NOT in 1472, obſcrved by Regramanrenur to have gone through 40 
degrees of a great circle in 24 hours. 

1307 ä to the eye unaſſiſted with glaſſes appears ſome- 
times like a cloudy ſtar, ſometimes ſhines with a dull light like that of the 
planet ſaturn ; ſome comets have been faid to equal, ſome to exceed in bright- 
neſs ftars of the firſt , ſome to have ſurpaſſed jupiter and even 
veaus; ande have caſt a ſhadow, as & 727, venus was ſaid ſometimes to do 

The head of a comet ſeen through a good teleſcope appears to confilt d 
a ſolid globe and an atmoſphere that ſurrounds it: the ſolid part is frequent 
ly called the nucleus, a latin word that ſignifies the kernel of a nut: througb 
a teleſcope, the nucleus 0 

„ e Den 


A comet 


D = 
Py I 


S 


8 
_ 


—2TPTESESISSINF2PSSES 


 » 8F.-- 


. =. > DA © fe 2 = it” 


21 


enAP. 15. ASTRONOMY 351 

A comet is generally attended with a blaze or tail, whereby it is diſtinguiſhed 210. 
from a ſtar or planet; as it is alſo by its motion. Sometimes the tail only | 
ab brag hana. wooden ws promo ec 
under the horizon; ſuch an appearance is called a beam. | 

1308 That comets are opake bodies enlightened by the ſun as u eee 
js a matter about which aſtronomers are now pretty well agreed: Hevelius, 
in a large work wherein he produces the opinions of various authors 
this ſubject, mentions ſome who were of the ſame opinion with himſelf, 
that comets were ſo far tranſparent as to let enough of the ſuns light paſs 
through them to form their tails: he gives pictures of comers of various 
ſhapes, as they are deſcribed by hiſtorians to have been like a ſword, 4 buck- 
ler, a tun, &c. theſe are drawn by fancy only, from the deſcription in words: 
what is more to the purpoſe; he gives alſo pictures of ſome comets, engraved 
by his own hand from the views he had of them through a very long and 
excellent releſcope ; in theſe we find changes in the nucleus, the atmoſphere, 
and che tail of the fame comer: the nucleus of the comer of 1661, whith in 
one obſervation appeared as one round body, as it is repreſented in fig. 124, 121 
in ſubſequent views ſeemed to conſiſt of ſeveral ſmaller ones ſeparated one 
from another, as in fig. 122: the atmoſphere ſurrounding the nucleus views 122 
d at different times varied in worn eee 
mn breadth.” 

e ene ne wie ieder Gate u e jes en- 
lghtened by the ſun, obſerved, in confirmation thereof, that if a comet be 
ſeen in two points of its orbit that are at equal diſtances from the earth, but 

t equal diſtances from the ſun, i always ſhines brighteſt when in the 
point neareſt to the ſun .. 

1309 The nucleus of the comer of 1618; is ſaid a. few days after coming 
into view to have broken into three or four parts of irregular figures: one ob- 
ſerver b compares them to ſo many burning eoals, ſays they changed their ſitu- 
ation while he was looking at them, as when a perſon ſtirs a fire; and a few 
days after were broken into a great number of ſmaller pieces. Anorher 
account © of the ſame-is, that: on the 1 and 4 of december the nucleus ap- 
pared to be à round ſolid: luminous body, of à duſky lead colour, larger 
ban any tar of rhe firſt ma ade; on whe S uf the Hur Wi waa 
en into three or" four parts "irregular figures ; and on the 20 Was Changed 
into a cluſter of — ftar ſtars, F 

1310 If comets” revolve in foch large orbits during ſuch ton periods as 
ve have now teaſon to believe, it is not probable they ſhould conſiſt of ſe- 
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F 
| imagined, in order to make good his explanation of the phenome- 
na of the rails; the apparent changes in the nucleus may be only on the fur: 
face: comets may be ſubject to ſpots as the planets are, and: the vaſtly different 
degrees. of heat they go through may occaſion great and ſudden changes, nx 
only in their ſurfaces, but even in their internal frame and texture. Newt 
places all theſe apparent changes to the atmoſphere that environs them: 
this muſt be very denſe near the nucleus, and have clouds floating therein 
it vas hie opinion chat the changes mentioned may all be in che clouds 
not in the nucleus of the comet . 
1311 Comets are of different magnitudes : n ee come, may 
be conjectured, ſrom its apparent diameter and brightneſs: thus, the heal 
of a comet, when of the ſame brightneſs and apparent diameter with 6 
turn, may be judged to be nearly of the ſame magnitude with that planet? 
but this muſt be uncertain; becauſe we cannot be aſſured that the heads of 
comets reflect eee eee e eee eee eee REES e 
the planets do. | 
T6: So.pemlleniofs comer be-knowiytche:difiince cheread from the cank 
4 may be found by $ 143 and 147: the horizontal parallax of the comet of 1577 
on november 13 was determined by Hobo to be about 16 minutes; and the 
-  - diſtance from the earth 210 ſemidiameters of the earth: on the ſame day 
the apparent diameter of the comet was meaſured by him 7 minutes: and 
from the diſtance and apparent diameter, 5 148, the true diameter was com- 
puted to be to the diameter of the earth as 3 is to 14 c. ey 
atmoſphere of the comet that was then meaſured. 

Hevelius d, from the parallax and apparent magnitude of the head of the 
comet of 16 g on december 20, computed the diameter thereof to be to 
chat. of the earth as 5a to 100, a little more khan half e. By the ſame me- 
thod, he found the true diameter of the head of the comet of 1664 to be it 
one time 12 ſemidiameters of the earth, at another time not much above; 
ſemidiameters. That the head of a comet appears leſs the farther it is from 
the earth is obvious: beſides this apparent change, there is alſo a real one in 
the. dimenſions of the head of the ſame comet; for when near the ſun the 
atmoſphere is diminiſhed by the heat raiſing more of it into the tail; wherca 
. —ÜͤvVUBU Gwinibed pndiths bead enlarged © 


* ale 44 eee ee d p. 346 
e He found jts horizontal — 23, to be very near 30,, and with a large braſs quadrant ob 


| Sand bw e th fame toy 5 or 26, almoſt equal to that of the moon in apoge 
er 479- . 4 | The 
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Tbe diameter of the head or atmoſphere bf the cotet of the year 1682, 
i meaſured by Flasmſtend was two minutes, the diameter of the "nucleus 
baly 11 or 12 ſeconds: the diameter of che atmoſphere is often ten or ffteen | 
times as great as that of the nucleus b: this,” according to Newtor and other 
philoſophers of the preſent age, ' furniſhes matter for thoſe ſpfendid fa 
vbere with we often ſee — — and by which as well as by their 
motion they are diſtinguiſhed from the ſtars and planet. Hevelius computed 
the diameter of the nucleus of the comet of 166 1 and alſo of that of 1665 in 
the beginning of their appearances to be leſs than a tenth part of the diame- 
ter of the earth. Cyſatus makes the true diameter of che head of the comet 
of 1618 about a tenth part of the diameter of the eart⸗· 21.28 
1312 There are ſome eclipſes of the ſun recorded in hiſtory which cannot 
te verified by calculation from tables of the ſun and moon: ſome have thought 
thoſe darkneſſes may have been cauſed by the interpoſition of comers between 
the ſun and the earth: the eclipſes of the ſun mentioned by Herodotus, I. 7. 
e. 37. & 1. 9. c. 10. are thus accounted for, as is alſo the eclipſe that hap- 
pened a few days before the death of Auguſtus, 1 __ 
oblervable that Seneca faw a comet the ſame” year. 
- Some comets, from their a t ma und dine Güte to- 
— have been judged to be much larger than the moon, and even equal 
in magnitude to ſome of the primary planets: a globe of that ſize ſo much 
larger than the moon is, might cover the ſun, and cauſe an eclipſe. We 
read in hiſtory: of comets that have appeared as large as the ſun e, if ſuch an 
dne near its perigee were 20 come berween' dhe ſan and our earch, Wenn 
clipfe him for a time. 10 Dnasuß amt x © mln ee 
dome baue thobghs the-darkneſs ur Our Bled . rs C | 
be cauſed by a.comet'coming then between the earth and the ory * 
poſition does not detract from the miracle; the divine inter poſition weuld be as 
neceſſary” to order thatithoſe two events ſhould full out Exactly at the Tame 
time as it would be to cauſe ſuch darkneſs by any other extraordinary means. 
1313 Various have been the opinions of philoſophers concernir the tails 
of comets : that the tails of comets depend upon the ſun is at by 
all, for this plain reaſon, that they are al ways turned from that luminaryz 
but bow they are cauſed by the ſun is mueh controverted: Apian, Hebo 
Brabe and others thought the tail was produced by the ſuns rays trauſmitted 
— the nucleus of the camer, Which "Ry fancied 3 and 
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was there refracted as in a lens of glaſs, n 
che comer; but this cannot be the caſe; as well / becauſe che figure of a come 
tail does not anſwer to ſuch a refraction, as that ſuch refracted light woul i ble t 
eee eee met 
ſubſtance denſer. than-the cireumambient ether. of t 
-1314 . who would der 
bare cha call of a c tobe owing to the refeaRion of the light from its hey 1 f. 
to the eye of the ſpectator: if this were fo, the planets and principal fixt ſtan WH ting 
en inen dne of chem pa. chrongh-the ſame mediu wh 
. before they reach out eyes, as light from the comets does. . is | 
1315 Ic was che opinion of Newton chat the tail of a comet is a very thi mer 
vapour Which che bead ſends out by reaſon of its heat: that it aſcnò I tor 
from the ſun juſt as ſmoak in a chimney does from the earth: chat as the {iſ :b0 
aſcent of ſmaak is owing to che rarefaQion of che air wherein it is enuꝶ ! 
led cauſing. ſuch air to and carry the ſmoak up with it, fo the ſus n 
cays acting upon che ca ot atmoſphere of a comet do by reflection and w dar 
fraction beat the ſame: that chis heated atmoſphere heats, and by heating app 
carifies the matter of the ether that is involved therein; and that the ſpecits iſ ir 
gravity. with which ſuch ether tends to the: ſun is ſo diminiſhed by this rae WW ® 
faction, chat it will now aſcend from the ſun by its relative lightneſi, a Ph 
| 1 ite Qiu heed cs Compoſe! lin 
_Though'.che immenſely large tails of fore comers ſeem to require a gm v 
quantity) of masser 40 proddce. them, this in no-lobjedtion o the foregvi a] 
ſolution ; for every days experience ſhews what = prodigious quantity 0d! 
ſmoak is produced from a very ſmall quantity of wood or ol; and Newtn the 
has demonſtrated that a cabic inch of our air; equally rarified with the ait u 
the diſtance; of a ſemidiameter of the earth from its ſurface, would fill al w. 
—A—— —PU—A— wu— rope lb 
16 A fourch opinion is that of M ſairan, that the tails of comets are formed i n 
„j nen mens P 
cioned $ 70a: this is ſuppoſed to extend as far as the orbit of the earth; and | 
to furniſh, matter for thoſe northern lighis called the aurora borealis: M. | 
De Ie Lande is for joyning the two laſt mentioned opinions together, i 
order to account ſor the phenomena of the tails of comets ©: he think 
part of the vapour which forma them ariſes out of the atmoſpheres of the c 
mets rarified by beat, and is puſhed for ward by the force of the light ſtreaming 
from the ſun; and alſo that a comet paſſing through the rr atmoſphete l 
drenched thercjn, and carries away dme of it. 1 d 


a prin. L 3. p. 472 b 4% 5. no. Wi © addition le thevie das nne p. 101 , 
hw 13 
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1317 The laſt ſolution. I ſhall mention of this appearance. is chat of Mr. 10. 
Rowning, he objects to Newton's account, that it can hardly be ſuppoſed poſſi- 
ble the thin vapour of the tail ſhould go before the more ſolid body of a co- 
net, when the motion thereof is ſometimes ſo \wift as that of ſome 
of the comets is ſaid to be, after the tate of above bo miles in an hour: he 
therefore ſuppoſes the atmoſphere: of every comet to extend every way round 
3 far as the tail reaches; and. chat the part of it which makes the tall is di- 
inguiſhed from the reſt by the: rays of light from the fun being refracted ſo as 
o fall chick upon che part of the aumotphere which goes before che comet in 

is progreſs along its elliptir otbit: che groatelk objection to it, is che im- 
menſe largeneſt af che atmoſpheres chat maiſt name to acenunt 
for the length of che tails of ſome comets, which haue bern faid d mesure 
above 200 ſemidia meters of our ard oo on amnneltt 
1318 rr 
u the comet approaches near to, and ſhortens as it recedes from that lumi- 
py: if che tail of a comet ware te-congnuse of the (ame length, it would 
appear longer or (ſhorter: to the different xie vn of the ſpectaror; 
for, if his eye be in 4 line drawn through che middle of the tail lengtiuviſe, 
a ſo, the tail will not be diftinguithed- from the reſt of the atmo- 
dut che whole will appear round: if the eye be a little out of chat 
— wwe ſhort, as in fig. 120 and it is called a bearded comer 120 
when the tail hangs downward towards: the horizon as in that figure : if the 
ail of a comet be viewed. ſidewiſe the whole lengch thereof is ſeep r it is 
obrious to remark that the nearer the a is to neee en 
the length thereof appear. { 24454 4441S i274 LW £532: 15 

The tails. of comets often appear bent, nk I23, 124: abe 123 
to the reſiſtance of the ether, which though extreamly ſmall, may have a ſen- 124 
ible effect upon ſo thin a vapour as the cails-copfult of: this bending is ſeen 
only when the earth is not in the plane continued of the orbit of the comet, 
vben that plane paſſes through the u. ſpectator, r -ohairehs ; 
ſtrait, as in fig. 121, 122. EIS 
Longomontanus b — in 2648 december roʒ had: 4 tall 
adove 100 degrees in length; this comet muſt then be very near the earth: 
the tail of a comet will at che ſame time appear of different length in diffe- 
rent places; according as the air in one place is clearer: than in the other: 
x need not be mentioned that, in the fame place, the difference in the eyes 
of the ſpectators will be the eee 
the length of the Waun. PUTT 101.8 
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of 1665 to caſt a ſhadow upon the tail, for in the middle of the length there 
olf there appeared a dark line &: it is ſomewhat ſurpriſing that Hook ſhould 
be poſitive in affirming on the contrary, that the place where the ſhadoy d 
that comet ſhould have been, if there had been any ſhadow, was brighte 
than any other part of the tail: he was of opinion that comers have fone 
light of their own; his: obſervations were made in a hurry; he owns the 
were ſhort and tranſitory b: Heuelius s was made with ſo much care, thy 
there is more reaſon to depend upon them: Dom. Caſini obietyed in the ul 
of che comer of 1680 a darltneſa in the middle of the tail: the like was take 
notice.of by a.curipus-obſerver in the tail of the comet of 1744. | 
1320 The analogy between the periodical times of the planets and thei 
diſtances from the ſun diſcovered by Kepler and mentioned $ 914, takes place 
alſo in the comets: inconfcquence of this, the mean diſtance of a comet fron 
the ſun may be comparing its period with the time of the earths r 
VvVolution round the ſun: thus, the period of the comet that appeared in 1511, 
1607, 1682 and 2759, being about 76 years, its mean diſtance is found by 
— Hike mecofaeme.the carths periodical. time is to 
$776 che ſquare of 56 the comets periodical time; ſo is Ioooooo the cube of 
100 the earths mean diſtance from the ſun, to 5776000000 the cube of the 
comets mean diſtance: the cube root of this laſt number is 1794, the meat 
diſtance:ĩt ſelf in ſuch parts as the mean diſtance of the earch. contains 100 


dy 


U the perihelion diſtance of this comet: 8 be taken from 3588 double the 
mean 


we ſhall have. the aphelion diſtance 35 30 of ſuch part 
de diſtance of the earth contains 100; this is a little more than 35 time 
tze diſtaneg of the earth from the ſun: by a like method the aphelion 
45 diſtance of the: comet: of 1680 comes out 138 times the mean diſtance of 
che earth from che ſun, ſuppoſing its period to be 575 years: fo chat thi 
comet in —— V — fro the fun 


- 1 141 There are — comets, choſe of the years 1680, ee 17 59 tit 
deſerye to have a farther account given of them: the comet of 1680, beſide 
| What wasdaid of it $ 1298, Was remarkable for its very meat approach to the 
ſun ; ſo near that at its perihelion ĩt was not above a ſfuth part of the diame- 
ter of chat luminary from the ſurſace thereof: Newton made a calculation d 
che bear, it muſt then have ſuſtained, and found it near 2000 times as great 
that of sed hot iron: che calculation is founded upon this principle, that tht 
heat of the ſun falling upon any body at different diſtances is xeciprocally a 
a cometegraph. p. 898. * about comets, Ja7.-q el the 
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introduction g 88: but it may be obſerved, that the effect of the heat of the 
fun upon all bodies near our earth depends very much upon the conſtitution of 
thoſe bodies, and of the air that ſurrounds them: ſuch bodies as abound with 


times more fire than at other times: and there is more fire in the atmoſphere 
near the earth than in the upper regions of it; how otherwiſe comes it to paſs 
that ſnow will lye unmelted upon the top of an high mountain when it is 
hot weather in the valley near the foot of ir. The comet in queſtion cer- 
uinly acquired a prodigious heat, but I cannot think it came up to hat the 
calculation makes it: the effect of the ſtrongeſt burning glaſs that has ever 
been made uſe of was the vitrification of moſt bodies placed in the focus; 
what would be the effect of a ſtill greater heat we can only conjecture; it 
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This comet, necooding to Halley, in paſſing through its ſouthern ard 
came within the length of the ſuns ſemidiameter of the orbit of our earth; had 
the earth been then in the part of her orbit neareſt to that node of the comet 
their mutual gravitation muſt have cauſed a change in the plane of the orbit 
of the earth, and in the length of our year: — — 
dy wich ſo rapid a motion as that of this comet near its perihelion were to 
rike againſt our earth, a thing by no means impoffible, the ſhock might 
reduce this beautifull frame to its original chaos. Fig. 123, tak - 
en from Newton's principia, repreſents ſo much of che trajectory of this 
comet as it paſſed through while it was viſible to the inhabitants of our earth; 
in going to and returning from its perihelion : it ſhews alſo the tail, as it ap- 
peared on the days mentioned in the figure: the tail, liked chat of other co- 
mets, increaſed in length and brightneſs as it came nearer to the ſun ; and 
grew ſhorrer and fainter as it went farther from — ͤ — 


hd od 
— 
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Euler computes the orbit of this comet from three of Flamfleed's ens 
tions taken near together, compared with a fourth taken at ſome diſtance 
— iermy ons and thence determines the periodical time to be alittle 
more than 170 years. It ſeems ſomething ſurprizing that from the ſame ob- 
ſervations that were uſed by Newton and Halley he ſhould bring out a pe- 
riod ſo very different from what thoſe great men had determined; but it is 
the leſs to be wondered at, if we conſider how ſmall a portion of the comers 
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de "at could b bad. for.vhar. purpoſes © the form of the ellipſis 
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ſulphureous particles are heated ſooner than others: there is in our air ſome- 


vols yerkips ſo difunire/ the pars an ue make them iy — 


the ſquares of thoſe diſtances; ; this is true ceteris paribus, as was ſhewn'in the r16. 
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till that and the comet were too far off to be any longer viſible. „ 


orbit lay between the moſt diſtant places uſed in this computation, or indec 
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cannot be found with any preciſion by this method, except the comets pk. 
ces were more exactly verified than is poſſible to be done a: and that he does 
not pretend to confirm his determination of the period dy pointing out and 
comparing together any former appearances of this comet, a method which 
Newton recommended as the only one whereby the periodical times and 
tranſverſe diameters of the orbits of comets can be accurately determined, 
1322 I muſt not conclude this account without mentioning that / hiſſand, 
who from Flamſteed s meaſure of its apparent diameter concluded the nu. 
cleus of this comet to be abaut ten times as big as the moon, or equal to4 
fourth part of our earth, attrites the univerſal deluge in the time of No 
to che near approach thereof: his opinion was that the earth paſſing through 
the atmoſphere of the comer attracted therefrom great part of the watt 
of the flood: that the nearneſs of the comet raiſed a great tide in the ſubter 
raneous waters, ſo that the outward cruſt of the earth was changed fron 
ſpherical to oval; that this could not be done without making fiſſures 
cracks therein: that through theſe fifſures the ſubterraneous waters were forced, 
by che hollow of the earth being fo changed into a leſs capacious form: tha, 
along with the water thus ſqueezed up upon the furface of the earth, mud 
flime- or mud would riſe; which, with the groſſer parts of the cr 
mets armaſphere would, after the ſubſiding of the water partly into the fi- 
fures and partly into the lower parts of the earth to form the ſea, cover al 
over to a conſiderable depth the antidiluvian earth: thus he accounts for tres 


and bones of animals being found at very great depths in che eurth. 


He alſo held that before the fall the earth revolved round the ſun in the 
plane of the ecliptic, keeping always the fame: points of its ſurface toward 
the fame fixt ſtars: by this means, as every meridian would come to the {ut 
but once in a whole revolution, a day and a year were then the fame: but 
_ that a comet ſtriking obliquely upon the earth gave ic the diurnal rotation. 
That the antidiluvian year conſiſted of 360 days; but that the additiond 
matter depoſited: upon the earth from the atmoſphere of the comet at the 
flood, ſo retarded the revolution thereof round the ſun, chat ĩt is not nun 
eee e e 365 days and about a quarre. 
Ide fame comet he thought would probably, coming near the earch af 
being heated to an immenie degree in its perihelion, be the inſtrumental caul 
of that great cataſtrophe, the general conflagration, forerold in the facred 
writings, and from ancient tradition, mentioned by heathen writers. 
1323 The comet of 1744 was ſeen: by ſo many perſous now living, 20d 
made fo remarkable an appearance, TOE gies ot 
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particular account thereof: it was firſt ſeen at Lauſanne in Switzerland, de- 


cemb. 13, 1743 N. S; from that time it increaſed in brightneſs and magnitude as 
it was coming nearer to the ſun: its orbit was found to differ ſo little from a 

parabola, that its period mult be very long, even of many centuries: there is 
no comet in Halley's catalogue the elements whereof are at all like thoſe of this 
comet 2. The diameter of it when at the diſtance of the ſun from us, mea- 
ſured about one minute; chis brings it out equal to three times the diameter 
of our earth: it came ſo near mercury that, if its attraction were proportio- 
nal to its magnitude, it was n. probable it would have diſturbed che 
motion of that planet b. 

Mr. Betts of Oxford, abe SR: 
Macclesfield's obſervatory at Sherburn, endeavoured to compute the longeſt 
axis of the orbit, in order to find the period of this comet; but the axis came 
out ſo near to infinite that, this ſhewed the period to be a very long 
one, he deſpaired of finding out the length thereof, except he could procure 
ſome obſervations made after the perihelion: thoſe he had enabled him to ſettle 
the other elements ſo exactly, that its places computed from them differed 
only a few feconds from the obſervations: he found the nodes of this comer 
were within half a degree of the nodes of mercury; but that there was the dif- 
ference of above a week between the times of thoſe bodies coming to their 
teſpective nodes: computing their heliocentric conjunction, when they were 


neareſt to each other, he found the comer was then diſtant from mercury a 


fifth part of the diſtance of the earth from the ſun, and was almoſt twice as 
near to the ſun as mercury was; and thence concludes the comet could have 
no ſenſible effect upon the motion of that planet: he judged the comet to 
be in magnitude at leaſt equal to our earth. He ſays that in the evening 
of january 23 this comet appeared exceeding; bright and diſtinct and the di- 
ameter of its nucleus nearly equal to that of jupiter; its tail extended above 


16 degrees from its body, and was iu length, ſuppoſing the ſuns parallax 10, 


above 23 millions of miles . Dr. Beuis, in the month of may 

made four obſervations. of mercury, and bound che places of that planet 
calculated rom corteck tables differed ſo little from che places obſerved, us 
to ſhew the comet had had no influence upon mercury's motion l. 

- The nucleus, which had before been always round, on the 11 of Nn 
nury- appeared ablong, in the direction of che tall, and ſeemed divided 
into two parts, by a black ſtroak in the middle; one of the parts had a ſort 
of beard brighter than the tail; this beard was ſurrounded by two unequal 
Urk ſtroaks chat ſeparated che beard from the hair of the comer: cheſe odd 


4 Bae, bee plane. f comet. Þ 169. b id. ibid. p. 153. e aut ma 474 © 4 ibid. 
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phenomena diſappeared the next day, and nothing was ſeen but irregular oh 
ſcure ſpaces like ſmoak, in the middle of the tail; and the head reſumed in 


natural form: february 15 the tail was divided into two branches, the eaſten 


124 


part about 7 or & degrees long, the weſtern 24: on the 23 the tail began w 
be bent: it ſhewed no tail till it was as near to the ſun as the orbit of mag: 
the tail grew longer as it approached nearer to the ſun : the tail at its great 
eſt length was computed to equal a third part of the diſtance of the ear 


from the ſun: This account taken from the memoires of the academy of 


ſciences of 1744, confirms Newton's opinion, that the apparent changes in 
the nucleus of a comet are owing to changes in the atmoſphere thereof 
Fig. 124 is a view of this comet taken by an obſerver at Cambridge: I re 
member that in viewing it I thought the tail ſeemed to ſparkle, or vibrate 


luminous particles, Hevelius mentions the like in other comets ; and that their 


tails lengthen and ſhorten while we are viewing them *: this is probably 
owing to the motion of our air. | 


1324 The comet of 1759 did not make any conſiderable appearance by 


reaſon of the. unfavourable ſituation of the earth all the time its tail might 
otherwiſe have been conſpicuous, the comet being then too near conjunction 
vith the ſun to be ſeen by us; but deſerves our particular conſideration asit 
was the firſt that had ever had the time of its return · foretold. Halley, after 


he had made his table of comets, found ſuch a fimilitude in the elements of 


thoſe of 1537, 1607 and 1682, that he was induced to believe them to be re- 
turns of the ſame comet in an elliptic orbit; but as there was ſuch a difference 
in their periodical times and inclinations of their orbits as ſeemed to make 
againſt this opinion, and as the obſervations of the firſt of them in 1531 by 
'Apian, and of the ſecond in 1607 by Kepler were not exact enough to deter- 
min ſo nice a point, when he firſt publiſhed his fropfis in 1705, he only men- 
rioned this as a thing very probable, and recommended it to poſterity to watch 
for the coming again thereof about the year 1758. Afterwards looking over 
the catalogue of ancient comets, and finding three others at equal interval 
with thoſe now mentioned, he grew more: poſitive in his former opinion: 


and, knowing a method of calculating with eaſe motion in an elliptic orbit 


how excentric ſo ever it be, inſtead of the parabolic orbit which he had given 
For the comet of 1 682, be ſet about adapting the plane of that orbit toan ellip- 
ſis ofa given ſpecies and magnitude, having the ſun in one of its focuſes, ſos 
to tally with the obſervations of that comet made by Flamſteed with great 


accuracy by the help of a very large ſextant: he likewiſe corrected the place 


of the comet of 1531 from Apian, and thoſe of the comer of 1607 fron 
a @ cometegraph. p. 513, $19. 1 oo | | 
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Kepler arid Longomabtanus, by reftifying the placts of lie ſtafs they had 
made uſe of, and found thoſe places agree as well with the motion in ſuch 
an ellipſis as could be expected from the manner of obſerving of thoſe aſtro» 

nomers, and the imperfections of their inſtruinents. The greateſt objection 
to this theory was ſome difference in the inclinations of the orbits; and that 
there was above a years difference between the two periods, the comet of 
1531 was in periheſion auguſt 24, that of:16&7 october 26, and that of 182 
ſeptember 4 ſo that the firſt of theſe periods was more than 76, the latter 
not quite 75 years: to obviate this, he reminds his readers of an obſervation 
made by him of the per iodical revolution: of ſaturn having been at one time 
about 13 days longer than at an other time y occafioned, as he ſuppoſed by 


the near approach of ſaturn and jupiter, and the mutual attractian vr grave 
ir nation of choſe: planets; and obſerves that in che ſummer of che year 1687, 
be comet in its deſcent was for ſore months fo near jupiter that its gravi- 

tation towards that planet was a roth part of its gravitation towards the 
bv WY fun; chis he concluded would cauſe à change in the inclination of its 
ht 


orbit, and alſo. in the. velocity of its motion; for hy continuing longer near 
the planet jupiter on the fide moſt remote from the ſun, its velocity would 
be more increaſed by the joint forces of both thoſe bodies, than it would be 
dimigiſhed. by thoſe forces acting contrary ways, when on the ſide next the 
ſun where its motion was ſwifter: the prqjectile motion being thus increaſ- 
ed, its orbit would be enlarged and its period lengthehed; ſo thatche thought 
it probable it would not return till after a —— de e 


ke the end of 1758, Or the beginning of the next year. onto 5157-180 

by As Halley expreſſed his opinion modeſtly, though cle that this 

fo comet would appear again about the end of 1758, — — 
n- Wl following year; Mr. De la Lande pretends he muſt have been at a loſs to 
ch Wl know whether the period he foretold would beruf 75 or of 76 years, that he 
, did not give a decifive prediction as if it bad been the reſult uf calculation, and 


that by conſidering the affair in ſo loaſe a manner as Hulley did, there was u 
good deal of room for objecting to his reaſoning : After theſe reflections he 
is very large in his commendation of the performance of Mr. Clairaut, hd 
be lays not only calculated ſtrictly the cffecbof che uttractiom of jupiter in 168 1, 
and in 1683 when the comet Was again near jupiter, but did not neglect 
(dhe attraction of chat planet in the years when the comet was moſt diſtant: 
en that be conſidered the uninterrupted! attractions of jupiter and ſaturm upon 


ces BN the ſun and upon the comet; but chiefly the attraction of jupiter upon the 
on Wh fun, Hen, * lominary Wr foe xx. and gave. Bag ele- 
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ments to „ by this method he found the comet 
would be in its perihelion about tht middlc- of april; but that, upon ac: 
in the method of ap. 
made uſe af by him, Mr. CInirumt defired to be indulged one 
month; and that the comer: came jut ene me time he hu 
fixed for 1 its appearance v 17 NO e 

¶ wouldinot detract from dm merit of eien in going ſo mi- 
outely- intoithe affair; but I cannot-forbear ſetting down n remark made in 
4 letter no before me of a learned profeſſor in Italy to an Engliſh gentle. 
man, Though Mr. De a Lande an ſome other French gentlemen har 


E taken oc un to find Hault with the inaccuracy of 'Halley's calculation, 


es becauſe he himſelf had ſaid he only teuched upon it ſlightiy; neverthclek 
te they can never rob him of the honour 1, of finding oat that ãt was one and 


the ſame comet which appeared in 1682, 1607, 1531 1456, 1305: 


a, of having obſerved that che planet jupiter would cauſe the inclination 
* of the met wo be grrater and the period longer: 3, of having foretoli 
that the return thereof 1 tc be retarded till che end of 175 or the be 
* ginning af 2799 70 5117 00% 910mg) Torn obo 207 Oo ITRIGH! 1. 

1325 That comet my have their motion diſturbed by che laner eſpe- 
cially: by the two largeſtjupitcr/and ſuturn, appears by an inſtance juſt now 


mentioned: they may alſo affect one another by their mutual gravitation, 


when ont of the plauetryj regibhs ; but of chis we can take no account, not 
can we eſtimate the ieſiſtanoe of ihe ether through which they paſs; and yet 


both theſe cauſes may have ſome: eee orbits, 


and the length of thei periods; , viftobocr nowigeif ÞÞ} 

1326 The annual uf icomets l 4 proof of he qarths revolute 
round che fans ir-was'foc-vraa/b6-owningiehe hypocheſis'of Copernicus that 
Dom. Caffen wok: im 168 und 168 x c be two comers; if 
that able aſtronomer had allowed of theiannual motion of iche earth he could 
not have failei to have diſowered, a Nτπ⏑]. d, chat it was one and the 
ſame comet going to its perihelion: in the frit of thoſe 3 returning 
con It: the year following rt rag 

1327 Newton obſcorod Wat in rhe) her fytern-the fenlſeſt planets are 
a avaditdecs and thought iciprobable chat in like manner thoſe comets 
-which. in their perihelionsupproach neareſt do the ſun are generally the mall 
eſt: this he thought was do ci vet becayſe lutge bodies in doming ſo nei 


5 e diſturb the ſun. He mentions toro purpoſes for which he judged comes 
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night be ſerviceable to the ſolar ſyſtem; one was, wick che ir atmoſpheres 
and tails to ſupply: the planets with moiſture, which is continually waſting 
dy the growing of vegetables out of water and turning into earth; the other 
to recruit the ſun with freſh fuel and repair the great cou ptiun of his 
lghr by clie ſtreams: continually ſent forth everyyway from tharlluminary : 
his opinion was that fuch comers as come very near the ſun im their perihetis 
ons meer every time with ſo much reſiftanceefrom the'armoſphere of the ſunm as 
to abate their projectile foree; by the conſtant diminurion-whereof the centri- 
prral power or gravitation towards che fun would be ſo-increafed as to make 
them fall therein: in like manner, if we conſider the fixt ſtars as ſo many ſuns 
ſurrounded with a number of planots ad cotticts;' the appearanet of a ne. 
ſtar may be owing to one of its comets falling into ie, and hy the adution 
of new fuel cauſing it to blaze out, whereas it had been r 
hn rt gn rags wc UV $63 46 #14317 
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If a ſtar ot planet riſe at ſunſet, its riſing is aid to be acronychal e, thy 
is at the beginning of night; and in this circumſtance the ſtar or plane 


| — to be acronychal, auch ſhines! e. a and 


ſun is ſaid to ſet acronychallj. 

1329 When a ſtar or Hr cis jos near dhe ſun Ach inviſible, 1 
reaſon of the ſuperior brightneſs of that luminary: the fun does not long con- 
tinue to hide the ſame ſtars; but, by his apparent diurnal progreſs in the 
ecliptic, approaches every day nearer to thoſe ſtars that are eaſtward fron 
him; and leaves male, that ae weft and ben every day farther of 


from checnmgmdmd ay 


The light of the foo not-only readers: — ſtars invidble chat are very 


near him, but alſo thoſe that ate at a conſiderable diſtance from him, and 


this dliſtance is varied according to the magairude and brightneſs of the ſtar; 
thus, ſtars of the firſt magnitude may be- ſeen in ſtronger twilight and nearer 


the ſun than thoſe of the ſecond: thoſe of che ſecond nearer than thoſe of 


ſcen-nearer to the ſun than any of the fixt ſtars can. The ſmalleſt ſears canon 
be ſeen in the evebing before the twilight is quite ended, nor in the mor- 
ing after the twilight begins — that is, when the ſun is 18˙ beloy 
th pgs gd. on, thy require. the ſun to be depreſſed 
It 


1z0n;; and ſo on, they require os es and leſs depreſſion till 
Eq pal Rag e on that ſide of the 


we. come to. far 


| heaven where the f Dn 8 he, ſhould be but 12. below the horizon 


to render them viſible: mars and ſarurn' muſt have a deprefiion of the ſun 
of 1; ve and. mercury of e 105 venus not above 17 „ and ſhe mij 


often he ſeen in Page fun t 18 81 
hen. the; ar ; Nar a As to o render i it inviſible, that ſtar i 
Aid to o ſet, aath: . a 1 that, by reaſon of its nearneſs to the ſun, 
has: been! for ſome. time Tut: ag all 75 55 into view, by the ſuns getting 
to a greater diſtance, it is Lai 
acally i being 1 une! 14 in the Tays of the ſao, and heliacally riſing i 
Sing clear out of them. It would be a more proper expreſſion to call the 
firſt of cheſe the ap appearance, the other the accultation, of a ſtar. 
' The heliacal *"rifing or fetting is mot conſpicuous in thoſe ſtars that ar 
near che ecliptic, & i ho c r from that path wherein the ſun ap- 
s to make his annual progreſs: accordingly, ancient writers generally 


marked the times of the year by ADR er within the cropics, or not 


very rer 
Alo lia apo ne is the beginning of the night. i Sk AFG he. 


— 


the third, &. ſome of the planets as venus, jupiter and the moon, may be 


1330 
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1330 The ancient Greek aſtronomers in imitation of the Egyptians and 
Chaldeans publiſhed calendars or diaries, wherein they noted the riſing and 
ſetting of ſome of the principal ſtars; by which they generally meant the 
heliacal riſing or the emerſion of the ſtars out of the rays of the ſun, fo that 
they firſt appeared in the eaſt before ſunriſe ; or the heliacal ſetting, that is 
their being overtaken by the ſun ſo as to become inviſible by his being ſo near: 
this they did in order to direct their countrymen ta the proper ſeaſons for 
plowing, ſowing and other parts of huſbandry, and to point out to the ma- 
riner the ſafeſt times for failing: they gave alſo prognoſtics of the wind and 
weather, not, ſays one of them a, that they thought the changes upon earth 
were produced by the ſtars; but, having by long obſervation found what 
weather moſt commonly happened at the ſeaſons of the year diſtinguiſhed by 
the riſing and ſetting of ſuch and ſuch ſtars, they foretold what weather 
was like to be in future years, at the riſing and ſetting of the ſame ſtars. 
There is one of theſe calendars under the name of Prolemy, publiſhed by 
Petavius; which, if it were not the work of the author : whoſe name it 
bears, ſeems to have been made in Egypt, by the beginning of the year be- 
ing in ſeptember : the following ſpecimen will ſhew the nature of it. 

| Month #hoth, or ſeptember. = | 

1. Hour 14, the ſtar in the tail of the lion appears: according to Hipparchus 

the efefian winds ceaſe: according to Eudoxus rain and thunder. 

2. Hour 14, the lions tail and ſpica virginis are hid: according to Hipparchus 
itt prognoſticates, = _ l | 

3. Hour 13, the lions tail appears: capella riſes in the evening: according to 

the Egyptians the ereian winds ceaſe: according to Eudoxus wind, rain, 
thunder: according to Hipparchus the eaſt wind blows. | 

4. Hour 15, the laſt ſtar in eridanus ſets in the morning: according to 
Calippus it prognoſticates, and the eteſan winds ceaſe. cn 
5. Hour 13, ſpica is hid: hour 15, the bright ſtar in lyra ſets in the 

morning: according to Metrodorus ſtormy : according to Conon the 

_ etefian winds ceaſe. .&c<, TA ETC Re, . 
1331 It appears by this ſpecimen that the aſtronomers therein mentioned 
had publiſhed calendars: they lived in different places, and, as each of them 
made his calendar for the place wherein he lived, they gave different times 
for the riſing and ſetting of the ſame ſtars: for example, lions heart would not 

4 INUs . $7 g i is 1 prognoſticates , without 
ly —— 8 be. : ec puke props Loo words as they en what 
u meant by the hour : Petavius owns he could not form a conjecture about it: it cannot be the hour of the 

Gy; for many of the appearances pus do not anſwer : nor can the time of them be aſcertained to an 

5 1 perhaps the original ought to be . hours, and then the meaning may be that in places where the 
bibel“ 13' ſo many hours as the numbers 13, 14, 15, expreſs, the appearances are ſuch as are here 
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riſe or ſet on the fame day and hour at Alexandria in Egypt as at Athens or 
Rhodes; by reaſon of the difference in the horizons of thoſe places. The ac. 
counts of different authors of the riſing and ſetting of the ſame ſtar in the ſame 
place would. alſo diſagree, if thoſe authors lived in different ages: thus, ſpice 

virgins roſe in the time of Eudoxus on a different day and hour from its ril. 
ing 1000 or 1 500 years after, and that becauſe of the preceſſion of the equi 
nox, a thing not known till it was diſcovered by Hipparchus. 

2332 The Remans copied after the Greeks, and indeed made uſe of their 
| calendars, even after they were known to want correction, as appears by the 
confeſhon of one of their writers of agriculture a, who ſays that in ſettling 
the equinoxes and ſolſtices, he followed Eudoxus and Meton, becauſe the 
country people had been long accuſtomed to their accounts, though he kney 
of the cortection thereof made by Hipparrbus. 

1333 How the ancient Greeks came to put prognoſtics of the weather into 
their calendars has been partly ſhewn from ene of their beſt aſtronomical wri- 
ters, & 13303 that from long obſervation of paſt years they conjectured what 
kind of weather would happen at ſuch and ſuch times of the years to come, 
The obſervations whereon theſe prognoſtics were founded muſt bave been ofa 
number of years, I think it. very probable that they took the number con- 
rained in the Metonic period of 19 years; for, as within that time the moon 
returns to the ſame aſpects with the ſun, and that planet was thought to have 
great influence upon the weather, they might imagin that an almanack of 19 
years would be a perpetual one; not only to mark the days of their ſacrifices 
and. other ſolemnities, but would ſerve alſo to. foretell the weather. 

1334 That the ancients thought the ſeveral aſpects of the moon had an 
influence upon the weather may be ſeen in Aratus d; where we have rules 
for judging what weather is like to-happen from. the colour of the moon, the 
ſhape and ſituation of her horns, and other circumſtances of that leſſer light. 

The Egyptians and Chaldeans, from whom. the Greeks had their aſtro- 
nomy, pretended to foretell the weather, and indeed. many other events allo, 
from the aſpects or configurations of the planets: whereof ſome they looked 
upon to be hot and dry; others cold or moiſt : ſome benevolent and forts- 
nate in certain ſituations; others. malevolent and. unfortunate; 

1335 The ſtars eſpecially thoſe of the brighteſt appearance were thought 
to be of the ſame nature with thoſe planets. to which they had: the neareſ 
reſemblance in colour. We cannot wonder at ſuch.abſurd fancies prevailing 
among the ignorant. heathen, ho held the ſun and moon to be their great 
gods, and the plancts and ſome of the ſtars to be deities of an inferior orde, 
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or at leaſt to be the places of their reſidence; and therefore paid them di- 
vine honours: but that Chriſtians who, befides having the light of the 
ſcriptures, live in an age wherein ſuch improvements in natural philoſophy 
have been made, ſhould pay any regard to the groundleſs pretences of aſtro- 
logers, would be incredible, if we had not examples thereof! it is a mor- 
tifying ſpeculation to find that no opinion can be broached ſo abſurd and 
contrary to reaſon but that ſome partiſans will be found ready to ſtand up 
in its vindication, | | "SF 
- 1336 The moon indeed is near enough to be the cauſe of conſiderable effects 
upon our globe, and all bodies thereon ; ſhe raiſes the tides in the ocean, and 
cauſes changes in the air, and in the animal and vegetable kingdom: but the 
planers even the neareſt of them are at ſo great a diſtance from us, that there 
i; no good reaſon to imagin they have any influence upon our earth or atmo- 
ſphere ; and if they had, how could men ever come to the knowledge thereof? 
how could they diſcover that in ſome configurations they ſhed a benign in- 
figence, in other ſituations had quite contrary effects? as for the fixt ſtars, 
their diſtance from us is ſo immenſely great, that it is utterly incredible they 
ſhould in different poſitions have different effects upon ſublunary things. 
Sound philoſophy teaches us that the ſtars are corporeal, and that bodies at 
a diſtance from other bodies can no otherwife act upon them than by im- 
1337 The force of the impulſe of the ſtars we can eſtimate only by the light 
they ſend us, and how ſmall this force is we may judge from this, that the light 
ſent by all the ſtars in the brighteſt night is lefs than what the moon alone ir any 
pives: as for their attraction or graviration, that, we know, is reciprocally as 
the ſquares of the diftances of the attracting body: how ſmall then muſt the at- 
tacting power be of the neareſt ftar, the diftance whereof is ſo immeaſura- 
bly great, as we have ſeen, { 888, 889? indeed if the attraction of the ſtars 
were more confiderable than it is, they are in ſo great a number ſcattered every 
way round us that they would balance each other, fo that no particular effect 
could follow from any fmall collection of them. I will not enter into a farther 
diſcuſſion of the credibility of aftrological predictions of the weather; I ſhould 
not have faid ſo much of it at preſent, if ſpeaking of the ancient calendars 
did nor put me in mind of the wretched ſtuff our almanacks are filled with 
erery year ; not only about the weather, which their authors would foretell 
with as much certainty as they now do, if they were to put the words thun- - 
der, hear, ſhowers, &c. for the ſummer months; and the words cold, froſt. 
add ſno for the winter months, into a bag and ſhake them out at random: 
but what is ſtill-beyond meaſure ridiculous, they have a column for the parts 
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of the human body, head, face, neck, throat, breaſt, and ſo on down to the fey 
and toes, to ſhew, and pleaſe you, for every day of the year, over what mem. 
ber or part of mans body the moon exerciſes dominion: and farther to illuſ. 
trate this wiſe conceit, we have the picture of a man ſtruck through with 
lines, to ſhew over what part the ſign or conſtellation of aries has dominion, 
what part is under taurus, gemini, &c: by which they would inſinuate, if 
any one would regard ſuch whimſies, that if you wanted a cure for the 
headach, you ſhould make uſe of the medicine for it at the time when 
the moon is in aries; and ſo of the reſt. Why can they not copy after 
the French? they give a great many uſeful things in their almanacks, omit. 
ting all predictions of weather or other events; and have in ſome of them 
given this very good reaſon for it, that the Academy of ſciences did not think 

them to have any foundation in nature. | | 
1338 Sirius is in appearance the largeſt of any of the fixt ſtars, is in the 
mouth of the conſtellation of the great dog, and is commonly called the 
deg-/tar : when this ſtar riſes cofmically, as it did anciently in Egypt about 
the time of the ſuns coming to the ſummer tropic, the Nile began to riſe, 
the overflowing whereof was the great cauſe of the fertility of that country: 
this induced the Egyptians to pay divine honours to the dog-ſtar ; and to call 
a period at the end whereof that ſtar roſe coſmically again on the ſame day 
of their wandring year, the great year: this period contained 1460 of their 
They imagined the dog-ſtar not only to point out the time of the Niles be- 
ginning to riſe, but to be the efficient cauſe of its overflowing, or of the fe 
tility conſequent thereupon: from the colour of the ſtar at its firſt appearance, 
they formed prognoſtics what kind of ſeaſons they were to expect: if it were 
of a golden colour, they thought it preſaged a fruitful year; if dim and pals, 
they looked upon it as a bad omen that portended a ſcarcity : it may be 
doubted whether there were any truth in theſe obſervations or not: if there 
were, it muſt be owing to this, that the different colour of the ſtar was cauſed 
dy the different conſtitution of the air; and from that poſſibly ſome conjec- 
tures might be made of the following ſeaſon. They fancied alſo thar the 
dog-ſtar, riſing with the ſun and joyning his influence to the fire of that lu- 
minary, was the cauſe of the extraordinary heat which uſually falls out in 
that ſeaſon: and accordingly they gave the name of the dog-days to about 

fix or eight weeks of the hotteſt part of ſummer. : 

1339 The Greeks, in imitation of the Egyptians, their maſters in idolatry 
and ſuperſtition as well as ſcience, held the ſame opinion of the dog-ſtar beivg 
a v. Cenſorin. c. 18. et in eum notas Lindenbrogii. . «35 4 
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the exuſe of that ſultry heat ſo often pernicious to the health and life of man: 
Homer, comparing the ſhining of the armour of Achilles, whoſe fury was ſo 


faul to the Trojans, to the pernicious blaze of the dog-ſtar riſing at the 
end of ſummer calls it an ill omen, | | 


* Portending heat intenſe to wretched mortals ”. 
or as the ſenſe af the pulleys | is well cxpreſſed by Pape 


< his burning breath 
«'Taints the red air with , plagues: and death” | 


When the father of the poets had ſaid thus much, it is no wonder the | 
reſt of them ſhould talk of the rage of the dog-ſtar, as ſome of them do 
alſo of the fury of the lyon b; becauſe a ſtar of the firſt magnitude called | 
ons heart, riſing in the time of the dog-days, was alſo thought to contri- 
bute towards the great heat of that ſeaſon, 

1340 Hippocrates has a ſentence or aphoriſim that ſeems toforbid £ uſe of 
purging medicines in the dog- days ©; we muſt not conclude from hence thar 
great phyſician and philoſopher to have thought the influence of the dog-ſtar 
any thing conſiderable ; (J have before 5 1330, mentioned another learned 
Greek who was wiſer than to go into that fooliſh opinion of the vulgar.) Ic 

is probable he only meant to point out the hot time. of the year commonly 
marked by the rifing, of the dog-ſtar. Our annual prognoſticators;, who. call 
themſelves ſtudents in phyſic and aſtrology, would bring us back to the old 
Egyptian ſuperſtition, would have us conſider the ſituation of the ſtars and 
planets in taking phyſic, and indeed in all our affairs, as the Wee, 
do at this time. 

As to the dog-days by ſome attended to with ſo.much re ens res 
gur, it is pleaſant to ſee what variety of opinions there. are both among 
the ancients and moderns about the beginning and the end of them: this 
nriety is in ſome inſtances owing, to the ignorance of the writers, who did 
not know the dog - ſtar would riſe with the ſun on different days in diffe- 
rent horizons: ſo that, upon this account, the dog · days would. not, in the 
ſame age begin on the ſame day in Egypt as at Athens or Rome: in other 
inſtances, it is occaſioned by the precefſion of the equinox not being known, 
or not attended to; and by che pero of the. Julian year cauſing the 
ſeaſons to advance, as is ſhewn 5 1245 by reaſon whereof, the dog- ſtar did - 

not riſe coſmically on the ſame day at Rome, for example, in the time of 
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Pliny as it did four or five hundred years before or after: enough may yy lo 
{cen in Rzcciolus upon this ſubject, from whom I ſhall take two or thre done 
examples: in the time of Hippocrates, which he makes to be about 400 yem 
before the Chriſtian æra, the dog-ſtar roſe coſmically in the parallel of Rhode 
where the pole was elevated 36*, on the 11 of july: at the ſertling of the yeu N Mari 
by Fulius Cæſar, it roſe at Rome on the 18 of july: in the year 1600, i Miſh 
roſe at Bologna on the 27 of july. noon 

In looking over an ancient calendar in Bede, I find the beginning of the ieh 
dog-days placed on the 14 of july: in one prefixed to the common praye prop 
printed in the time of Q. Elizabeth, the dog - days are ſaid to begin on the 
of july, and end on the 5 of ſeptember; and this was continued till te He 
reſtoration; when that book was reviſed, and the dog-days omitted: fron i 1 
that time to the corre&ion of the Britiſh calendar, our almanacks had the i; | 
beginning of the dog-days on the 19 of july, the end on the 28 of augul: ich 
fince the correction, che beginning is put on the 30 of july, the end a 


the 7 of ſeptember. 10 
a 1 & 2 * 4 * 2 7! 

I S ry oo og T . 
CHAP, 17. THE USE OF THE CELESTIAL GLOBE. | yoin 


1341 The furniture of this globe is the ſame as that of the terreſtrial; ou 
an horizon, a meridian, an hour circle with an index, and a quadrant of 
Many of the circles which are fometimes imagined to be deſcribed upon 
the ſphere of the fixt ſtars are actually drawn upon the celeſtial globe; as the 
celeſtial equator, with ſome of its parallels: among theſe the four principi 
| ones, the tropics and polar circles are drawn with double lines: there are allo 
drawn thereon ſome fecondaries of the equator or circles of declination ; among BW 1. 
them the principal are the two colures: the ecliptic alſo with ſome of its - Ney t 
condaries or circles of latitude; theſe interſect each other in the poles of the il 
ecliptic: if there be 6 of theſe circles, their 12 ſemicirctes are drawn through 
che points where each of the 12 ſigns of the zodiac begins, and ſhew to which 
: fign any ſtar belongs: thus, all the ſtars comprehended between the ſemicirce 
r ne pr ae, 2 of zt and the ſemicircle drawn through heir 
30 degree of ꝙ are in n P. | N as ; abe 
128. b given in the! 
ſecond chapter of the ſecond book from g 603 to the end: if we would uf 
it for any particular purpoſe, the firſt ſtep to be taken is to recti the gli 
| ts th plac, ond 10 the me of he Gay & ight: th wf it ſe 
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place is the ſame as that of the terreſtrial globe, ſhewn § 508 & 509: this 
Jone, to ſet it to the time, we muſt firſt rectify it to the noon of the day 
ropoſed, in the manner following; find the ſuns place in the ecliptic that 
day at _ by an almanack, or by the calendar uſually paſted upon the 
horizon of the globe, and bring that point of the ecliptic to the meridian, 
will chen exhibit the ſituation of the ſtarry heaven as it is at the 
noon required ; ſet the hour index therefore at 12: for. any other hour of that 
cht or day, turn the globe towards the eaſt fide of the horizon if the hour 
pope be before noon of the day, towards the weſt. if the hour be after 
„till the index points at the hour required; the globe then will ſhew 
) vation of the heaven in the place and at the time in queſtion: thus, 
if I would know the ſituation of the heaven in London at 10 at night, june 
he 1, 1764, rectify the globe to noon at the place and time, and turn the 
lobe towards the welt till the index points at 10 
1343 To find.the tame of the riſing and ſetting of the ſun in a given place 
1 any day of the year, rectify the globe to the place and to the noon of the 
ay in queſtion, by 5 1342, ſet. the index at 12, turn the globe eaſtward till the 
in the ecliptic comes to the eaſt ſide of the horizon, the index will 
point at the hour of ſunriſe ;. turn the globe weſtward till the ſuns. place 
mes to the weſt fide of the horizon, the index will then point at the 
of ſunſet. 
Me lenge of any day in the year at a giverr place is found by the foregoing 
problem, reckoning the time between ſunriſe and ſunſet. 
1344 To find the declination. of the ſun: at moon for any day of the year: 
Are eee WE e 0g to- the meridian, and the point of the 
duated edge over it will ſhew the declination of the ſun that day at 
Declination is the neareſt diſtanee from the equator, ſee & 783. - 
5 To find the right aſcenſion of the ſun at noon for any day of the year 
by the globe: find che ſuns place in the ecliptic for that day at noon, bring 
t to the meridian, obſerve what point of the equator is under the meridian. 
u the ſame time, that A EE 
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dich ght aſcenſion for the time in queſtion; right aſcenſion was explained 9 Feng 
" | The ſun changes his right aſcenſion and dedlination every day o 


herr, and indeed continually ; not uniformly, but ſometimes faſter than at 
bn or moapagalg mom, 
the ſolſtices, 

\ 1346 T flat tle alight aint any thy of oe in a given 
aitude, by. the globe: rectify che globe to the latirude and to the noon of 
te day, WWW 
the 
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the horizon, and obſerve what point of the equator in then on the ſame fig 
of the horizon, this ſhews the oblique aſcenſion. While the globe is in chi 
fituation, the ſuns amplitude at his rifing on that day, that is his diſtang 
from the true eaſt: point towards. either north or ſouth, may be ſeen: by 
carrying the. ſuns place to the weſt fide of the horizon, his oblique deſcenjim 
and his amplitude at ſetting mage be ſeen. Oblique aſcenſion and deſcenſiog 
are explained F790. _ 
1347 By —— ſame method as is uſed for the ſun the right aſcenſim anl 
declination of a ftar may be found by the globe. 
. The converſe of this is true, that if the right . and decli ination of 
a ſtar be given in a catalogue, or found by obſervation, we may, by bringing 
the degree of right aſcenſion to the meridian and noting on that circle the 
degree and minute of declination, - find under the ſame the place of the ſtu 
| upon the globe, and, if it be not there already, inſert it thereon. 
; By the preceſſion of the equinoctial points, the right aſcenſion and decl. 
nation of all the ſtars are continually changing, the change i is conſiderable in 
a number of ages; but in a ſmall number of years it is hardly perceptible: 
in ſome almanacks we have the right aſcenſion and declination of the moſt 
remarkable ſtars. ſet down for the current year: this is uſeful in navigation, 
and to find the time of the night at land. 
1348 To mark the place of a planet upon the globe at any t time: many al 
* manacks have tables of the places of the planets, from whence they may be 
inſerted upon the globe, by putting thereon their characters in water coloun 
without gum; and by rectifying the globe, by 5 1342, we may by the 
hour index ſee the hour of their riſing, ſouthing and ſetting. The water o- 
lours are eaſily wiped off with a ſpunge or fine rag a little oxy if the 
globe be varniſhed, as. globes generally are. In like manner the rifing, ll. 
2 5 and 4 5 of the fixt ars may be found. 
28 ce of a comet in the heaven may be found by holdieg:the edge oi 
d that the comet may appear between two ſtars and in the ſame line 
Lo them, and then holding the ruler ſo as to take the comet between tw 
other ſtars in a right line cutting the former line as nearly at right angles s 
can be done with ſtars. pretty eaſy to be known : the place of the comet thu 
obſerved, may, be put upon the globe, by ſtretching two threads in the ſame 
manner through thoſe fars; rhe point where thoſe threads interſect one ans 
ther upon the globe is the obſerved place of the comet. 
1349 To find the azimuth.of the ſun at any hour by the globe: azimuths of 
vertical circles have already been deſcribed $ 282: there are none of then 
| drawn upon the globe, becauſe they vary as che horizon changes ; bur, * 
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the globe is rectified to the horizon of any place, as many azimuths as we 
pleaſe may be expreſſed by ſcrewing the quadrant of altitude to the braſs me- 
ridian at the zenith, and turning it round between the horizon and the globe: 
the azimuth of the ſun at any time is found by rectifying the globe to the 
place and time, and carrying the quadrant of altitude round till the graduated 
edge thereof paſſes through the ſuns place in the ecliptic; it then ſhews the 
zzimuth of the ſun, which is eſtimated by its diſtance eaſt or weſt from tle 
meridian. The altitude of the ſun is ſeen at the ſame time, by the number of 
degrees upon the edge of the quadrant of altitude between the ſuns place and 
the horizon. The azimuth which cuts the meridian at right angles and paſſes 
the caſt and weſt points of the horizon is called the primary vertical, 
1350 As the ecliptic is drawn upon the terreſtrial globe, all the problems 
here-mentioned which relate to the ſun may be ſolved by that globe alſo 
when a celeſtial one is not at hand: but the proper uſe of that circle upon 
the terreſtrial globe is to ſhew over what parts of the earth the ſun is vertical 
at neon, and on what days that happens. On the day when the ſun is in one 
of the tropics he is vertical at noon to every place upon the earth under that 
tropic: to every Place ſituate between the tropics the ſun is vertical twice in 
a year, once as he goes on declining from the equator to the neareſt tropic: 
and again in his return from that tropic towards the equator : in order to 
know on what days the ſun is vertical to any place, find the latitude of the 
place, ſuppoſe it 12 degrees north latitude,” the ſun is vertical at noon 
when his declination is 12 degrees north, the ſame as the latitude. The ſuns 
declination for every day in the year is ſet down in ſome almanacks. 
1351 The azimuth and altitude of any ſtar at any time is ſhewn upon 
the globe rectied to the place and time, by carrying the quadrant of altitude 
ſcrewed to the zenith till the graduated edge paſſes through the ſtar. 
| 1352 To find by the globe when. a ftar:riſes coſmically: bring the ſtar to 
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fe the eaſt ſide of the horizon; obſerve. what point of the ecliptic is then on the 
i caſt fide of che horizon; when the ſun appears in that point, (the day, whereof 
wo Bl may be knowyn by a calendar) the ſun and tar riſe together. 

. a To find when à ftar ſets coſmically: bring the ſtar to the weſt fide of the 
1 


horizon, obſerve what point of the ecliptic is then on the eaſt fide; on the 
day the ſun appears in that point, the ſtar will ſer at ſunriſe. | 
1353 To find by the globe when a far riſes achronycally : bring the ſtar to 
the eaſt fide of the horizon, obſerve what point of the ecliptic is then on 
che weſt fide of the horizon; on the day the ſun appears in that point, the 
em fiar riſes at ſunſet. A planet is ſaid to be achronycal when it is in oppoſition 
to the ſun, and ſhines all night. c 
: 5 4D | .- i. 
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To find when a flar ſets achronycall : bring the ſtar to the weſt fide of the 
horizon, obſerve what point of the ecliptic is then on the weſt fide of the 
horizon ; on the day when the funs place is in that point of the ecliptic 
the ſtar ſers when the ſun does. 
1354 To find when à ftar riſes beliacally: in order to ſolve this problem 
by che globe, the brightneſs and magnitude of the ſtar muſt be conſidered, 
ſee F 1329: ſuppoſe the ſtar to be of the firſt order, bring it to the eaſt fide of 
the horizon, obſerve by the quadrant of altitude what point of the ecliptic i 
then 12 degrees above the welt fide of the horizon, the oppoſite point to this 
is 12 degrees below the caſt fide of the horizon, and is the ſuns place when 
the ſtar riſes heliacally: on what day the ſuns place is in the laſt mentioned 
point of the ecliptic may be ſeen in a calendar. | 

To find by the globe when a far ſets beliacally, fappoſe it to be of the ſecond 
magnitude, ſuch a ſtar cannot be ſeen when the ſun is not more than 13 de- 
e e far w-che welt de of the ber 
zon, find by the quadrant of altitude what point of the ecliptic is then 1; 
degrees above the caſt fide of the horizon, the point of the ecliptic oppoſite 
to this is 13 degrees below the horizon; find by a calendar on what day the 
point of the ecliptic laſt mentioned is the ſuns place, that is the day whereas 
| the ſtar ſers heliacally. 

1355 To find by the globe the beginning and end of twilight on any day of 
the year: the globe being rectiſied to the latitude of the place, bring the ſuns 
place on the day in to the meridian, ſer the hour index at 12, turn the 
globe towards the caſt till the point of the ecliptic oppoſite to the ſuns place 
is 18 degrees above the weſt fide of the horizon, the ſuns place is then 15 

below the caſt fide, and the morning twilight begins, 57 58, the inder 


will point at the hour. By » like medhod the time of the ending of the re 
ing twilight is found, by turning the globe till the point of the ecliptic op- 
poſite to the ſuns place on the day in queſtion be 18 degrees above the cal 
fide of rhe horizon; the ſuns place will chen be 18 degrees below the wet 
fide of the horizon, —— the hour index wil 
a pany 
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cnap. 18. THE TRANSIT OF VENUS OVER THE SUN JUNE: 6, 1761: 


THE PARALLAX OF THE SUN: THE ATMOSPHERE AND SATELLIT 
or VENUS: THE LATITUDE OF CAMBRIDGE FOUND BY A GNOMON. 


1356 The publication of my ſecond volume has been retarded by various 
unforeſeen accidents, whereof it would be of no ſervice to the public to be 


- informed : inſtead therefore of apologies for ſo long a delay, I thought the 


beſt recompence I could make would be to give my readers an account of 
ſuch curious obſervations and diſcoveries in aſtronomy as have been made 
fince I began the work: ſome of theſe are very conſiderable; as 1, the aber- 
ration of light, diſcovered by the late Dr. Bradley, mentioned-$ 838, &c. 
2, the meaſuring the length of a degree upon the earth by ſome perſons ſent 
from France as near to the equator, and others as near to the pole as could 
conveniently be done, whereby the figure of the earth is found to be thac 
of an oblate ſpheroid, flatted at the poles, this Sir 1/aac Newton had before 
demonſtrated it to be @ priori; as may be ſeen in the roth chapter of this 
zu book: 3, and not to mention any more, the tranſit of venus over the 
diſk of the ſun, on the 6 of june in the year 1761, whereof ſome account 
ſhall now be given. = 85 

1357 This curious and uncommon appearance had been predicted by 
Halley, and recommended to the attention of aſtronomers, as the moſt likely 
means to find out the diſtance of the ſun from the earth, & 821. No pheno- 
menon in the heaven was ever expected with more impatience, or obſerved 
with greater care: for, beſides what was done by curious perſons refiding in 
different parrs of ſeveral mathematicians furniſhed with proper in- 
ſtruments were ſent from the R. Society in England, and the R. Academy in 
France, to diſtant parts of rhe earth, to places where it was moſt proper to 
make obſervations, and where without · this proviſion no ſuch obſervations 
would have been made: a detail of them may be ſeen in the philoſophi 
tranſactions and the memoires of the French Academy for 1761. 

13 58 It has before been mentioned, 5 3 13, that if any inſtantaneous pheno- 
menon be obſerved at the ſame time at two diſtant places of the earth the dif- 
ference in hours minutes and ſeconds, will ſhew the different longitudes of 
thoſe places, in degrees minutes and ſeconds: in conſequence of this propo- 
tion, the difference in hours minutes and ſeconds in the times when ſuch 
a phenomenon is ſeen in two diſtant places compared with the difference in 
longitude of thoſe places ſhews the parallax thereof, provided the latitudes 
of thoſe places be alſo known. | 
Ja . 4D 2 1359 
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eee e flora edvienetys bring dhe har es the weld fide oft 
horizon, obſerve what point of the ecliptic is then on the weſt fide of the 
horizon ; on the day when the ſuns place is in that point of the ecliptic 
the ſtar ſets when the ſun does. 
' 1354 To find when 4 far riſes beliacaliy: in order to ſolve this problen 
by the globe, the brightneſs and magnitude of the ftar muſt be conſidered; 
ſee F 1329: ſuppoſe the ſtar to be of the firſt order, bring it to the caſt ſide of 
the horizon, obſerve by the quadrant of altitude what poiar of the ecliptic 
then 12 degrees above the welt fide of the horizon, the oppoſite point to thy 
is 12 degrees below the caſt fide of the horizon, and is the ſuns place when 
the ſtar riſes heliacally : on whar'day-the fune place is in the laſt mention 
point of the ecliptic may be ſeen in u calendar. | 

' To find by the globe when @ far ſets beliacally, ſuppoſe it to be of the ſecond 
magnitude, ſuch a ſtar cannot be ſeen when the ſun is not more than 13 de 
grees below the horizon, 5 1329: bring the ſtar to the welt fide. of the hot. 
zon, find by the quadrant of altitude what point of the ecliptic is then 1; 
degrees above the caſt fide of the horizon, the point of the ecliptic oppotit 
to this is 13 degrees below the horizon; find by a calendar on what day the 
point of the ecliptic laſt mentioned is the funs place, char is the day wherea 
bernard age; 
1353 To find by the globe th beginning and end of twilight n any ay 
the yoke: the globe being rectiſied to the latirude of the place, bring the fun 
I a drehines dhemdridibe, daxke hojriadaarie, cunt 
globe towards the caſt till the point of the ecliptic oppoſite to the ſuns plact 
is 18 degrees above the weſt fide of the horizon, the ſuns place is then 13 
degrees below the caſt fide, and the morning twilight begins, 5 7 58, the inder 
717 e 
ing twilight is found, by turning the globe int of the ecliptic o 
Kue the ben pic onthe dy in eden be 1] cer degrees above the cal 
fide of che horizon; the ſuns place will chen be 18 degrees below the wei 
fide of the horizon, — on wrt wt 
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ed; 1356 The — my: frroad value tins bane romntet tp its | 
e of Wl voforeſeen accidents, whereof it would be of no ſervice to the public to be 
cs WF ;rformed :/ inſtead therefore of apologies for ſo long a delay, I thought the 
th BY beſt recompence I could make would be to give my readers an account of 
hen BY (ach curious obſervations and diſcoveries in as hays been made 
nel BY 5nce I began the work: ſome of theſe are very conſiderable; as 1, the aber- 
| ration of light, diſcovered by the late Dr. Bradley, mentioned 5 838, &c. 
od WY 2, che meaſuring the length of a degree upon the earth by ſome perſons ſent 
dom France as near to the , and others as near to the pole as could 
r conveniently be done, whereby the figure of the earth is found to be thac 
1 1; BY of an oblate ſpheroid, flatted at the poles, this Sir 1/ſaac Newton had before 
demonſtrated it to be @ priori; as may be ſeen in the 10% chapter of this 
za book: 3, and not to mention any more, the tranſit of venus over the 
diſk of the fun, on the 6 of june in the year 176r, whereof ſome actoupt 
ſhall now be given. 

2 and ance wppttmtce had the Sri by 
Halley, and recommended to the attention of aſtronomers, as the moſt likely 
means to find out the diſtance of the fun from the earth, F 821. No pheno- 
menon in the heaven was ever expected with more impatience, or obſerved 
with greater care: for, beſides what was done by curious perſons refiding in 
different parts of Europe, feveral mathematicians furniſhed with proper in- 
ſtrumencs were ſent from the R. Society in England, and the R. Academy in 
France, to diſtant parts of the earth, to places where it was moſt proper to 
make obſervations, and where without-this provifion no fuch obſervations 
would have been made: a derail of them may be ſcen in the philoſophical 
tanſactions and the memoires of the French eee 

13 58 It has before been mentioned, I 3 13, that if any inſtantaneous "Fi 
mince bookfireed ot tis fine thive hr (ite Billet phiizs (the ad WIA. 
ference in hours minutes and ſeconds, will ſhew the different longitudes of 
thoſe places, in degrees minutes and ſeconds: in conſequence of this propo- 
ſition, the difference in hours minutes and ſeconds in the times when fuch 
2 phenomenon is ſeen in two diſtant places compared with the difference in 
longirade of thoſe places ſhews the parallax thereof, provided the laticades 
thoſe places be alſo known, | | | 
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1359 As to the preſent affair, the inſtantaneous appearances propoſed tohe 
obſerved were 1, the external contact, when the weſtern limb or edge of the 
diſk of venus appeared to touch the diſk of the ſun; immediately before it 
entrance thereon : 2, the internal contact, when the entire diſk of venus being 
upon the ſun the eaſtern edges of both diſks coincided: 3, when the cen. 
ters of the ſun and the planet were at the leaſt diſtance from each other: 
4, the internal contact of the weſtern edges of the two diſks, the moment 
before any part of the diſk of venus began to go off from the ſun: 5, the 
external contact of the edges of the two diſks immediately m che tot 
_ egreſs of the diſk. of venus from off the ſun. '  - 

1360 The hiſtorian of the R. Academy of amen che your 1961 gives 
us, for che reſult of the obſervations made by the French, "the parallar 
of the ſun 978: this, ſays he, makes the diſtance of the ſun from our earth 
about a —— part greater than it was before thought to be; 33 millions of 
lun, whereas it was before computed about 30 millions ®, 

1361 Mr. Short, taking the medium of a great number of obſervations of the 
tranfir of venus over the ſun, calculates the parallax of the ſun at his mean 
diſtance to be about N, 65: this ſets the ſun at a ſtill greater diſtance b. 
1362 The proportion of the diſtances of the reſt of the planets to the diſtance 
of the earth from the ſun was known before, by their periodical times, for the 
-ſquares of their times are as the cubes of their diſtances: ſo that the diſtances 
af all the planets from the ſun muſt be increaſed in the ſame ion 4s 
the diſtance of the earth is found greater than before it was ſuppoſed to be. 

. 'The ancients. made the parallax of the ſun a great deal too large; and 
conſequently held the ſuns diſtance from the earth to be much leſs than it ; 

. I have before obſerved that Ptolemy and Hebo made the parallax of the 
ſun 3 Kepler 1, 5 81 f: the laſt mentioned author, who comes the neareſt 


to the truth, de though much larger than thoſe before 


him, ſtill far inferior to what later and better obſervations have demonſtrated 
it to be: before the tranſit of venus, the beſt aſtonomers had ſettled the ſuns 
parallax at no more chan 10, a fixth-part only of what Kepler held it to be: 
buy all the accounts of the tranfit of venus, there is more reaſon to think the 
| ſuns parallax is leſs, than chat it exceeds the quantity laſt mentioned. Thus 
we ſee in this inſtance, as ia many others, that the deeper reſearches are 
made into the works of creation, and the more perfect knowledge of the 
nature of chem wo are able to attain, „ 


ſtdmey always appear. 


1363 The learned Dr, Stewart hr efecboncidcde Uniardy 
of Etinburgh, being of opinion that the diſtance of the ſun from the carth 


2 Hift, de I. dead. R. 1761. p. 116. ed; Par, b Phil. tran/. 1762. p. 621. cannot 
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apogee, or from the motion of her 
2 laborious and intricate calculation brought the mean diſtance of the ſun 
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cannot be determined with exa&neſs by any obſervations, propoſed to ſolve 
ak e bychexdoaryagfquarieys this he thought might be done 
if the force where with the ſun — —— 


earth could be aſcertained, „ 
In purſuance of this idea, he has by 


from the earth to contain 29874, ꝙ mean ſemidiamerors of the earth; which 
is more than 118, millions of Engliſh miles, and above a third part greater 
than the diſtance computed from taking che parallax of the ſun 10%: 5719. 
But is there not as much uncertainty in ſome of his data as is likely to 
wiſe from the errors of ſo many obſervations? can the motion of the moons | 


— which we know librates backward and-fevveard, be alien with 


fufficient to build ſo nice a theory upon? 

the" One advantage gained by the obſervations of che banfte df vatils 
was ſettling the longitude of places where it was obſerved, by the times of 
the inſtantaneous a above mentioned. In the tables page 8 5, the 


longitude of Cambridge is ſo faulty chat I cannot imagin how thoſe numbers 5 


came there: by the tranfir the longitude of Cambridge in meaſure,” is'3'mi- 
nutes 45 ſeconds; in time, 15 ſeconds eaſt of the N. obſervatory at Green- 
wich: the latitude of Cambridge there ſet down is from Street. 
1365 Though the finding the diſtance of the earth from the ſun was the 
principal object, it vas not the only one had in view by thoſe who obſerved 
the paſſage. of venus over the ſun: it was expected ſome other particular: 
relating to that planet might on this occaſion be known to a greater certainty; 
u the apparent diameter, and the places of the nodes; W BS wh 
atmoſphere, and whether it were attended with a ſatellit or not. 
The apparent diameter of venus upon the ſun — medi of alt 
the obſervations. was, about $57"; this probably. is rather ſmaller than the 
truth; becauſe the ſun being ſo near venus enlightens more than half her 
globe, and - conſequently; the dark part ſeen by us was not quite half of it: 


beſides this, the atmoſphere of our earth is ſaid ta haue in ſome meaſure'the 


effect of a priſm a; ſo chat the blue rays from the ſun make the upper edge 5 


of his diſk. appear higher, the red rays make the under edge appear lower, 
Naefe. the perpendicular diameter of the ſun is length- 
ened about 2.2: the ſame cauſe affected. the perpundicular diameter of venus. 
N —— — but in a contrary manner, for it ſhortened it; and this. 
r the. greater the refraction; and- accordingly Mir. 
Chappe b who. went to Tobalſe in Siberia to oberve, hend the pepe 
2 Mem. L. dead. 1761, paß. 1097 & 333: ed Pare b. % pag. 368. | 
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they obſerved at the time when venue wes dluind far upomchinian sen 7 Sons 
2 fourth part of her diameter was left out of his diſk; he ſays the part of the 4 
planet that was not come upon the ſun was vifible, though dark, and was 

ſurrounded by a creſcent of faint light, as at fig. 12 5: that this appearance 12 5 

was much more remarkable at the egre(s; for, . 

was got off the ſun, that part was viſible with a like creſcent but 

fm gre Gig, ad ban the) part of he creſcent tha is inheſ 126 


— 544 ele Tae e rp reg 
and when — becky che lb of vent oprare ob gr above 


of yn th ley Wh vin 6 1 
total was "ike 
egreſs the limb of the fan began |; 
— Some of the French aftronomers attribute this 
round venus to the inflection of the ſuns rays, as they do alſo. 
light round the moon in a total eclipſe of the fun: concerning which 
ſe 9 1056. Mr. Chappe makes the principal cauſe of the luminous eteſcent 
o be the fun ealighrening more than half the gle of venus; bet zn a note. 
owns this cauſe not to be ſufficient . ; / | 
| | - his is 28 foltoweth 5. 
y round venus a kind. 
brighter than the reſt of the fun which grew fainter as irwent 
* farther from rhaiglaner j this crown 
* fon was b.“ Mr. My proſeſſor of aſtris n at Up: 
Place with Mr. Fat dad, in a letter to Fellow ef the R. Sociery hasth 
E Leng" = 
* blue. and green: glaſſes, wt army vl. about venus, which fol- 
* lowed her like a eee mae leſs lively according as the 
« air Was more Or & clear; its extent altered in n 


a Mem: 4 cas. 1761, 5. n v P. 100. 
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710. e it well terminated, throwing out as. it were ſome feeble rays on all fides:” 


— the planet, fig. 131, and on the 


I am not clear as to the meaning of the luminous circle here mentioned, 
becher when the whole planet was upon the ſun they ſaw a ring of light 
round it, diſtinct from the light of the ſun, or whether they mean only the 
light that ſurrounded that part of venus that was not upon the ſun; Mr. Chappe 
takes this and other accounts of the obſervations made in France in this lat. 
ter (ſenſe; and, though he ſometimes; calls the luminous creſcent that ſur. 
rounded che part of the planet not upon the ſun a ring, he explains himſelf, 
that he did ſo becauſe at the coming upon the ſun he ſaw it on one fide of 
r 88. 132; and 


132 ne thought it ſurrounded it on all ſides b. 


Upon the whole, the ohſervation of Mr. i preceding the firſt exterior 


Contact, and thoſe of Mr. Dunn and Mr. Chappe preceding the laſt interior 


contact are ſtrong indications of an atmoſphere round venus: not to ſay any 
| ꝗ6vL! „. 
1367 The ſatellit of venus was carefully looked for by almoſt all who ob- 
ed on this oceaſion, but without ſucceſs : Mr. Baudouin councellor of the 
great council, &c. at Paris, had provided a teleſcope of 2 5 feet, in order to ob- 
re fu 
lit in april and may preceding: he communicated this laſt intention, wherein 
he did not ſucceed, to a ſociety of learned gentlemen at Limoges in the Limoſin 


in France: Mr. een of the avealiers.ofthet ee e for 


tunate; for on the 3 of may 17671, at q at night, he perceived at 200 diſtance 
| from venus a ſmall creſcent with the horns pointing the ſame way as thok 
of venus: its diameter was a fourth of that of the primary: a line drawn 
from venus to the ſatellit made below venus an angle with the vertical of about 
20? towards: the ſouth: -though this firſt obſervation was repeated ſeveral 
times, Mr. Montaigne was in doubt whether it was not a ſmall ſtar : the next 
| day may 4, at the ſame hour, he ſaw the ſame ſtar, diſtant from venus about 
30 or. 1' more than before, and making with the vertical an angle of 100, be- 
lo but on the north fide; ſo that the latellit ſeemed to have deſcibed an arc 
of about 30, whereof venus was the center, and the radius 20. The two 
following nights were hazy, ſo that only venus could be ſeen: but may 7 at 
the ſame hour as on the. days, he ſaw the ſatellit again, but above 
venus, and on the north fide, diſtant between 25 and 26 upon a line which 
made an angle of about 45 with the vertical towards the right hand. The 
light of the ſatellit was always very weak, os as the Game phat 
wich its primary, whether viewed together wirh it in the field of his teleſcope, 


2 Phil. tran/. 1761, p. 223. | b Mas, d dead. 1761. p. 365. 
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enAr. 18. ASTRONOMY - „ 
or alone by it ſelf: the teleſeope was 9 feet long, and magnified an object 710. 
between 40 and 50 times, had no micrometer, and therefore the diſtances and 
magnitudes here mentioned are by eſtimation, wherein he was aſſiſted by ES 
knowing the extent of the field of his teleſcope: conſequently great exactneſs * 
cannot be expected, and therefore Mr. Rau inin ſpeaks with great caution, 
and fays, though the orbit ſeemed to him excentric he would ſuppoſe i it to be 
Pont, not being able to aſcertain the ſmall quantity of its excentricity. _ 
1368 The 133 figure repreſents the three obſervations of Mr. Montaigne, 133 
the planet venus, z M the vertical, EO a parallel to the ecliptic making 
an angle with the vertical of 45* ; the numbers 3, 4, 7, mark the firu- 
ations of the ſatellit on the reſpective days. It appears by the ſigure, that the 
points 3 and 7 would have been diametrically oppoſite, if the; ſatellit had 3 
gone 1.5? more round the point v at che laſt obſervation ; ſo that in 4 days I 
it went through 155"; ſay then as 155 to 4 days or 96 hours, ſo is 360 to 
a fourth number, which gives 9 days 7 hours for the whole ſynodical revo- 
lation. From theſe obſervations Mr. Baudouin concluded the diſtance, of the 
atellit from venus to be about 60 ſemidiameters of that planet; the orbit 
of the ſatellit to cut the ecliptic nearly at right angles, to have its aſcending 
node in 22 of , and to be in its northern digreſhon on the 70 at 
Me. and then thought the ſatellit would paſs over the ſun with its pri- 
mary. Mr. Baudouin, to whom theſe obſervations had been communicated, 
read a memoire on the ſubject before e e e be nn 
of may, that met wich their approbation and was printed. 
1369 On the 27 of the fame month Mr. Boutouin read a ſecond: memoire; 
wherein he related another obſervation of the facellit made by Mr. Montajone 
onthe 11 of may at 9 in the evening, the only night when the view thereof 
was not obſcured by moonlight, twilight, or clouds: the diſtance of the 
ſatellit from venus was on the 11 night much the fame as it had been on 
the 7; that is to ſay about 25, —ů apo End angle 
"45 towards the ſouth; and above its primary. 5 N 
3 . — what he had befoes foneled 
con the other elements of the ſatellit; but corrects che periodieub me, 
which, by comparing the firſt obſervution with the laſt, he now judged to be 
about +2 days; and that, in ennſequence of this period, the fatellir would no 
paſs over the ſun, but go at the diſtance of above 20 from his ſouthern . - 
limb; though, if the time of its revolution ſhould be ! 5 hours longer glut _ 
days, it might then paſs over the ſun after venus was gone off. ==. 
"He thinghe. «hy ee frei had To often been looked for without WE 
** that ane or 
4 E n 


is 


1 : ASTRONOMY. © BOOK z 


vie ocherwiſe Unit to refle& the light of the ſun, as is ſuppoſed to be the caſe of 


the latitude of Cambridge by 


the fifth ſatellit of ſaturn, ſee $"1201, 1202. _ 

Mr. Baudouin obſerves that the moſt conſiderable conſequence that can be 
drawn from diſcovering a ſatellit of venus is the quantity of matter in that 
planet: for, by the theory of attraction the maſſes of two planets having 
ſatellits may be found by comparing their diameters, and the diſtances and 
periodical times of their fatellits. Næwron. princip. J. 3. prop. 8. 

By comparing the periodical time of the ſatellit and of the moon, he com- 
puted the quantity of matter in venus to be near equal to that of our earth: 
if this be ſo, that planet muſt have conſiderable influence upon our earth, in 
changing the obliquity of the ecliptic, the latitude and longitude of ſtars, &c, 
This with what is ſaid 5 948 and 949, is all we at preſent know of the fi- 
tellit of venus, and its elements. In 1769, there will be another tranfic of 
venus over the ſun, but nor viſible in Europe. In the b:/ftorie and memories 
of the R. Academy of ſciences for 1757, there Nh ee and in 
what parts of the earth it may be obſerved. : 
1370 In the year 1752, aſſiſted by Mr. Dundas, 4 endeavonred to find 
a gnomon, after the manner deſcribed, F 418 
to F425: on the outſide of the ſouth-eaſt corner of the Chapel of Pem- 
broke Hall, I fixed a ſtrong round iron bar of about a foot long, fitted 
to the bore of a piſtol barrel that it might turn eafily thereon: to the piſtol 
barrel was faſtened a braſs plate about 5 inches ſquare, with an hole in the 
middle, wherein was put an object glaſs of a 17 feet teleſcope: by means of a 
ſtring one might ſtand upon the ground and pull the braſs into ſuch a poſi, 
tion that the rays of che ſun would fall perpendicular upon it, when the glaß 
would give a round image of the ſun upon a plane parallel to the braſs: this 
image was received upon a marble ſlab g feet long, roughly poliſhed and 
%%% driven 
de far into the earth that the face of the marble was about « foot abore ti 


ſurface of the ground: it was exactly leyelled with water kept upon it by 


being ſurrounded with a low wall of clay; then the water being removed, 
a meridian line-was drawn thereon, upon which were marked at noon the 
extremities of the ſuns image, now elliptical; for ſeveral days before and 
after. the ſummer ſolſtice; the noon of the ſolſtitial day being cloudy. 
The length of the perpendicular An, fig. 134, montprod irom the ceater 
- ofthe glaſs to the marble, WIRE eee ue 23 


n 
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A derail of the obſervations with the computations therefrom followeth. 


583 


Angle a cn Altinde of che ſous Suns declination Heir of 
altitude of the | center corrected from connoiſance | equator at 
ſuns lower limb refract. and . des Temps, | Pemb. Hall f 
9975 60% 41 20 bo* 50 44 23 9 1 37 47 32 
June 195.76 | 60 44 57 | 61 0 21 | 23 12 58 37 47 23 
295.5425 60 48 18 | 61. 3 42 | 23 16 20 | 37 47 22 
3 |95-3775 | 60 50 50 | 61 © 14 | 23 19 19 37 46 55 |. 
4 [95-21 |60 53 25 | 61 8 49 23 21 49 [37 47 © 
51950475 | 60 55 54 | 61 11 18 | 23 23 59-137 47 2 
"af 94-9525 | 60 57 22 61 12 46 | 23 25 40 37 7 0% 
7 243% 60 58 29 | 61 13 53 | 23 26 58 137 4% 557 
894.82 60 59 24 61 14 480 | 23 27 52 37 46 50] 
9 94-79 60 59 52 61 15 16 23 28 20 37 46 5 
o |clou Ws, | 1 
1 94805 eo 59 38 | 61 15. 2 23 28 5 37 46 57 
12 |94.855 | 60 58 52 | 61 14 16 | 23 27 18 37 46 5 
1394927560 57 45 | 6123 923 26 7 137 47 2| 
14 oudy þ 8 > | ; | . F 
rs [95-1575 160 54 13 | 61 9.37 | 23 22 34 [37 47 3 
16 |cloudy ES | 
| 17 95-5125 60 48 46 | 61 4 10 | 23 17 21 | 37 46 49 
|; 1 C y 2 7 ' — 
| 5 4-2 95-9 75 60 42 15 | 60 57 39 23 10 2837 47 11 
0 | 20 IC * : e ; bt} x 
| 24 I97-555 [60.17 361 6033 o | 22 46 16 | 37 4644 
. | Whence the height of the equator T ;,- ,» | 
| The giab was. net | agen reg. ora rhe: £3747 5. 
ing i and its complement the latitude 0 og 1 
h of Pembroke Hall comes out & 8 77 55 | 
; wherefore the above | June the 1, cp was obſerved 2.0 | 1 
x Du N * it was obſerved 205 inch EY 
Ts Tk the was "nnd 24 „it was obſerved 2.07 by of s 
— agua. which makes the fon umetrreſpiver] 3s 45 | 
5 A nd ; t | 37 &| 
| To keep off ſuperfluous light and make the image of the fan diſtin, a 
large ſkreen was behind the braſs plate with an hole to let the rays 


of the ſun through. From a Riff wire fixed acroſs the center of the glaſs 
| EY | 8 


3584 | AS TRONOM Y 
upon a very ſmall wire a leaden weight hung in water to keep it ſteady, and 
the marble was brought cloſe to it, that the ſouth end of the meridian line 
might touch the wire when it hung quietly, without preſſing it out of the 

n ſome days the wire though always ſuſpended from the ſame 

| point would not touch the marble, cee eee 

E | r Of he On TO oy heat, or 


. fig l of the marble by cold. F 
pf the marble when very much 


n/this occaſion I meaſored the le 

d by. the ſun, driving two nails into a Jong flip of deal fo as exactly to 
it in length, and then throwing cold water thereon, . applied the ſame 
meaſure to it, and found it was manifeſtly ſhorter when cold. That metals 
expand by beat and ſhrink into leſs dimenſions when cold has long been 
r 
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2 in the margin. ibid. after COAT noa 7 8 ' for 22 hours — 20 


7 75 . 
e 6 L alt. and in the mgrgin, for Ig. g r. 8118, 
13 * amy a." 61 ah endl the 27 1 a> hr ibid. 


J. 25, after weſt, i gfe), ee fern in bg: 112, 113, and in l. 27, dele avords. þ. 492 it 

%he les, for 588 . 578. 22 Nr r. as 229 to 30 2 — — 
112 7. 115. 22 and in the margin, for fig. 113 r. 116. 5. iT ah. a the margin, fo 
«112 7, nt? ee to mo fo fe 113 7. 116. as als. dale, or of a ſtar. 
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CHAP. 1. NATURAL bride bn; WHAT: ITS VSE: "THE 


COSMOGONY OR "CREATION OF. THE WORLD ACCORDING 180 8 
F THE ANCIENT AND MODERN amen S 


1371 The ſtudy of natural philoſopby is an enquiry into the nature of 1 
bodies that compoſe the e cauſes, effects, and the manner of 


their operations: this ſcience is employed chiefly in conſidering the ſyſtem of 


the world, the ſun, the ſtars, planets and comets, "with the void ſpace wherein 
they are placed: after a general ſurvey of theſe great objects, it deſcends to 
2 more particular enquiry into the nature of our was and the ſeveral parts 
of it, the air and water that ſurround it; the plants and animals. that grow 
and live upon it, the merals, minerals and other bodies that are to be found 
in the bowels thereof. 

In purſuing this ſtudy, beſides the ſatisfaction chat ariſes in the human 
mind from the diſcovery of truth, it is of great uſe in civil life bor, ud | 
underſtanding 2 the nature of 4 Th the phyſician is able l 

4 
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and reſtore health, chat great blefling neceſſary to make us reliſh all other 
enjoyments: and, as to the meaner arts, employed in furniſhing us with the 
neceflaries and conveniencies of life, great uſe may be made of the knowledge 
of the powers of nature, to aſſiſt the labour of man, and enable him to 
| Perform gperations far beyond his natural rength, which. 30 the bufincs 
of mechanical {kill aſſiſted by mathematics. 
But the nobleſt fruit to be gathered from ſuch ſpeculations i is this that 
by dontemplating the works of creation in a proper way, man is brought to 
8 the infinite goodneſs, wiſdom and power manifeſtly diſplayed therein; 
at the ſame time, while he is ſtruck with wonder at the greatneſs and 
3 of what he underftands, he is humbled by the conſideration 
that, after his moſt diligent ches, much ſtill remains above his compre- 
henſion; fo that he muſt at laſt acknowledge that the ways of the almighy 
| are paſt finding out. 
1372 Some philoſop hers boch ancient and modern have treated of the 
coſmogony, chat is, have given us their conjectures how the univerſe was 
brought into being: many of the moſt ancient philoſophers whoſe opinions 
have come down to us, though their works are loft, held that the world was 
produced out of an indigeſted confuſed chaos; the matter of this moſt of them, 
and Ariſtotle amongſt the reſt, believed to have exiſted from eternity, but 
that it was diſpoſed and put into order by an intelligent mind : ſome of them 
concluded the eternity of the world from a maxim miſunderſtood that 
nothing can be produced out of nothing ; this is true only in this ſenſe, that 
nothing can be produced without a cauſe, either a material or an efficient 
one: as to a material cauſe, in the preſent conſtitution of things we do not 
indeed find any new productions out of nothing, in as much as all the 
changes in natural bodies are made by an alteration in the fitugtion of their 
parts, or by ſome of the parts being taken away, or by the addition of other 
matter! but this is no objection to the Almighty Creator bringing ching, 
into being which had no exiſtence before. 

Another argument for the eternity of the world was taken from the nature 
of the Divine Being; who, being always active and benevolent, ſome thought, 
muſt from eternity have exerted his creative power, that he might have ob- 
jeQs whereon to confer happineſs: to this an anſwer might be given that it 
is from no defect of the Divine goodneſs that the world was not made from 
eternity, but that there is an impoſſibility in the thing itſelf; for whatever 
is made by God cannot be coeternal with irs maker, but muſt have had a 
beginning, and whatever had a beginning there muſt have been a time when 
| ir might de aid it was not a day old, Cudworth, pag. 887. 


1373 
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1373 Beſides theſe philoſophers, who were all deifts, and acknowledged 
one eternal firſt cauſe, incorporeal or diſtin& from matter, which they called 
mind, intelligence, the firſt mover, &c. there were ſome few atbeiſtical ones 
who pretended to account for all the phenomena of nature by matter and 
motion only: of theſe ſome held that matter was endued with active qualities, 
that were ſufficient not only to produce plants and brute animals, but men 
ilſo: others taught that all was the effect of chance; that an infinite num- 
ber of extreamly ſmall particles of matter, which, being indiviſible, they 
called atoms, falling from all eternity at random, through an infinite void 
ſpace, happened, at a certain time, to juſtle one another, and be entangled; 
and cohering together in various manners produced this beautiful frame of 
things we now behold. I ſhall not attempt a confutation of theſe abſurdities, 
it has been done in nen eee eee | 
leFual” ſyſtem ; and fince by others. 

1374 Among the modern coſmagoniſts, Cartes ſtands in the firſt Place; 
his philoſophy: ſometime fince made ſuch a figure in Europe that it may 
not be improper to mention ſome of the principles thereof: he recommends 
do us in the firſt place that we ſhould doubt of every thing; in order to We: 
rid of all kind of prejudices: this doubting being a ſpecies of thought, he 
concludes the firſt thing a man can be aſſured of is the exiſtence of himſelf, 
that is of his foul chat thinks: from the idea we have of a Being of all poſ- 
ſible perfection, he concludes the being of God: from the veracity of the 
Deity, who would not deceive us, he argues the reality of the material world: 
in his definition of matter, he makes the eſſence of it to conſiſt in extenſion 
only; in conſequence whereof, he held the world to be a perfect plenum, 
without any vacuity or void ſpace: this he concludey from hence, that we 
cannot conceive extenſion without ſomething extended; whereas we have as 
clear an idea of the extenſion of empty ſpace as we can have of its being 
filled: he: defines motion to be the carrying a body out of its place among 
contiguous bodies that ſurround it into a place where it is ſurrounded by 
other bodies: perhaps this definition, which is true only of relative motion, 
was formed to avoid ſome trouble he might have brought upon himſelf by - 
adopting the Copernican ſyſtem ;. for he denied the motion of the carth, 
becauſe the atmoſphere ſurrounding her was carried along with her, in her 
revolution round the ſun : he argued from the immutability of the ſupreme 
Being, that the ſame quantity. of motion continues in the world as was firſt 
impreſt upon matter, conſequently that no motion of any IP is * i 
without being communicated to ſome other bod). : 

a part 3.4 19 & 26. 


4 1 ; I FT: Cs. 
7p 
4F 2 | , „„ 


$88 3 dernen eier 


| Avis the formation of the Univerſe, he ſuppoſed it might have been in the 
manner: 1, that matter originally conſiſted of particles nearly equal 
in bulk, of a moderate fize between the greateſt and the leaſt of thoſe whereof 
the heaveti and heavenly bodies are compoſed 2, of irregular figures, not 
globular, for then they would not have made a pienum, but there would 


| have been interftices between them: 2, that each particle was put into a 


circular motion round its own center ; that thereby the angular or prominent 
parts were rubbed off, and each of thoſe alſo by a like circular motion had 
cheit prominent parts rubbed off, and fo on ſucceſſively, till at laſt that very 
fine or fubtile matter was produced, which he called his firſt element: this 
he makes a powerful agent, able to penetrate all kinds of bodies: the 
particles now made globular he called his ſecond element: the third element 
_— made up of ſuch [bi aur rn uneven and more 


150 — this circular motion of ſingle particles, he ſoppoled colleQions of 
them to have been put into a circular motion round their centers, which 
Pere the fame with the centers of the ſun, ſtars, planets and corners, and thus 
he accoumted for the production of thoſe great bodies. He ſuppoſes the ſtars 
to be made of the firſt element, the fluid air and ether of thefecond, the 
planets and comets of the third. princip. part 3. f 42. He ſuppoſed that 
che ſun, in circulating round his own center, cauſes a vortex or whirlpool of 
the etherial mattet to carry the planets round him the ſame way: that the 
earth Had been originally of che fame nature with the ſun; but in time was 
craſted over with ſpots: that, the rapidiry of the vortex of the earth being 
_ diminiſhed, rhe earth with the ambient air was abſorbed into the vortex of 
the fun, and carried round him. princip. part 4. 5 2. It will not be worth 
_ the while ro enter into a farther detail of this philoſophical romance; as ir has 
been juſtly called: enou 00 5. may be ſeen in Maclaurir's account of Sir Iſaac 
Newton's diſcoveries, . chap. 4. In one thing only I think Cartes ought 
to have juſtice done Ag that he declares he did not think the world was 
formed after the manner above deſcribed ; but that he apprehended, ſuppoſing 
it had been ſo formed, the phenomena of nature would' have been ſucl as 
they now are: he believed that God made the world in a perfect ſtate at once; 
in like manner as he created man in his" full IRIS 6 fit 
of infancy. part 3-$ 45. a 
1375 The next attempt to give an ate of it Wegs of the earth 
was by Dr. Burner, a learned man and à fine writer; his Yeligh was to take 
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its riſe out of a chaos into its 


paradifiacal-ftate to its being broke into pieces 


a ſecond paradifiacal Rate, to be. inhabited by the faints for roo0o: years, and 
after that, its being removed ont of its preſent ſituation and changed to, what 
he conjectured our earth and all the planets originally to have been; a fixt ſtar. 


two great difficulties: one, where to find the great quantity of water neceſſary 
to drown the earth; the other, how to diſpoſt of the ſame after the flood was 
over: in order to this, he ſuppoſed: the earth roſe. out of the chaos in the 
following manner: 1, that the heavieſt parts fell towards the center, and 
e . a round ſolid: 2, that the liquid parts next in weight ſurrounded 
the central ſolid, and formed the great abyſs: 3, that other fluid 

lighter than water but heavier than air fell next upon the great abyſs, and 
formed thereon an orb oily and unctuous: 4, that the lighteſt particles flew 


could get clear, fell down upon the oily cruſt, and mixing chere with compoſed 
the primitive . en AO IOeY 
tains and without any ſea. 


He-ſuppaſed the diurnal rotation of the.earth to have been in the plane 


when he comes to the deluge, he ſuppoſed the great rains to have been firſi 
raiſed: up in vapours from the abyſs: by the breaking up of the great deep 
he underſtood that the exterior cruſt of the earth was broke in ſueh a man. 
ner as to fall at once in large fragments; that the lower parts of them would 


irregularly out of the water would conſtitute the continents, 
lands; that the fall of ſuch vaſt maſſes into the abyſs would daſh the waters 


thereof above the higheſt mountains: that in this general ruin, by air or 
water incloſed between the pieces falling, or by the fragments leaning one 


would be formed. To obviate any miſconſtruction, he declares he would not, 
in explaining the deluge by natural cauſes, derraRt from the 
which.that great judgment was brought 
miraculous manner. That: the ark ſhould be preſerved ſafe in ſo ſtormy a 


it as ſupported by two angels. He lays great ſtreſs upon the words of gt. 
"_ 2d ep. chop. 3 ee i r pliny ge 
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at the deluge, its deſtruction at the general conflagration; its reſtoration to | 


He was particularly concerned to free the Moſaic hiſtory of the deluge from 


upwards and conſtituted the air; 5, that the air, not being quite pure, car- 
ried along with it ſome groſs and earthy corpuſcles, which gradually, as they - 


r — eqaizce. all-over ihoichedst- | 


fink down and reſt upon the bottom of the abyſs ; irs. erm. 


againſt another, many caverns and hollow places now found in the earth, 


power of God, by: 
upon the world in a providential and 


ſea, he attributes to a miracle; and accordingly in one of his figures repreſinti | | 
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primitive earth was' prepared 1 by a flood, as the poſtdiluvian 
+ earth is for being deſtroyed by fire. 

1376 This theory was attacked by Dr. Keil, Dr. Woodward and others, 
and ſome part of it was ſhewn to be neither agrecable to the Moſaic hiſtory, 
nor to the principles of ſound philoſophy : for he aſſerted the primitive earth 
to have had neither ſea nor mountains, whereas the Moſaic hiſtory makes 
mention of both, Gene. chap. 1. v. 10. and chap. 7. v. 19 & 20. 

- 1377 Dr. Woodward publiſhed an eflay towards the natural hiſtory of 
thcwnds but thisſis not ſo much an account of the formation of the earth, 
as an attempt to prove the truth of the univerſal deluge from the poſition of 
| ſhells, teeth and bones of animals found at various depths in the earth; which 
he accounts for by a ſuppoſition, that at the time of the flood the cauſe of the 
- coheſion of parts in matter was ſuſpended ; ſo that every kind of it, earth, clay, 
© ones, rocks, metals &c. except ſhells and bones ® was diſſolved into a miſh 
maſh, or thick fluid ; and that, afterwards, every thing ſettled according to its 
| ſpecific gravity, and carried ſhells, bones &c. along with it; and that hence 
© they are found in many places and in great quantities at various depths, not 
only in large ſtrata or beds depoſited upon clay, ſand &c. but alſo incorporated 
in chalk and marble: he had himſelf obſerved that in England the earth was 
_ diſpoſed in ſtrata, beds or layers, and that ſhells, fiſhes teeth, and bones were 
found in all-of them, and this at all depths as far as men had ever digged: and, 
by his correſpondence abroad, it appeared the caſe was the ſame in all parts 
of the earth: but then here is his miſtake; if every thing had ſubſided at the 


- fame time after the flood as he ſuppoſes, the heavieſt bodies muſt have ſunk 


| loweſt; whereas we find rocks ſtanding upon clay, ſand, and earths lighter 
than themſelves. It cannot indeed be doubted that chalk, marble &c. wherein 
" ſhells, teeth &c. are found were in a fluid ſtate when ſuch bodies were 
incloſed in and incorporated with them: it is well known blocks of ſtone 
have been formed by the continual acceſſion of water, as in Pools hole, and 
other ſuch places; but the marble that has theſe bodies found in it might have 
been conſolidated before the flood; and if it were, there is no likelihood it 


| ' ſhould then have been diſſolved. If it be aſked how come ſhells to be found 


at ſo great heights as they ſometimes are; we may with Mr. Buffon > allow 
that the geography of the earth is at preſent very different from what it 
was anciently: the ſea has in many parts of the globe encroached upon the 
land, 3 parts what is now dry land has been heretofore covered 
with the ſea: the bottom of the preſent ocean is very uneven, like the land; 


SE Og Shells and bones he thought were cer brows texture preſerved rom dillon 
bh Hifoire naturelle. b 
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the flux and reflux aſſiſted by the winds, may often remove whole beds of 
ſhells as well as the ſands from a deep place to an higher, even to a mountain 
in the ſea, and there depoſit them: and this may have been the caſe both 
before and after the 405d As for ſhells near the tops of mountains, they 
may have been raiſed together with the mountains by Volcanoes. 
1378 The famous Leibnitz was of opinion that our earth was originally 
a ſun, thar the greateſt part of the terreſtrial matter was on fire at the time 
when Moſes ſays the light was ſeparated from the darkneſs, that the fire 
produced a vitrified cruſt, which is the center and foundation of all the matter 
contained in the globe: that the ſands are fragments of this vitrification ; the 
other kinds of earth a mixture of ſands with falt and water : that Wien the | 
central cruſt was cooled, the watery particles before raiſed up by the heat fell 
down and formed the ſeas, which at firſt covered the whole globe. He: 
ſuppoſed alſo the reſt of the planets to have been ſtars, which after burning a 


long time were extinguiſhed for want of combuſtible matter, and nn „ 


opake bodies. Acta eruditor. Lipſ. 1693. pag. 40. 
1379 The next account of the coſmogony was publiſhed by hilton in 
his theory of the earth: he ſuppoſes our earth had been originally a comet, 
revolving round the ſun in an elliptic orbit, which gradually was changed ſo 
28 to into a circular one, at the time of the Moſaic creation: he ſays 
the atmoſphere of a comet conſiſting of various corpuſcles in a diſorderly 
motion - anſwers the deſcription of that chaos from whence, according to 
ſacred and profane antiquity, our earth took its origin: that the hiſtory of 
the fix days work is a relation of ſuch appearances and changes as a ſpectator 
upon the earth would. have obſerved during that time; for example, when - 
light is ſaid to have been created on the firſt day, he imagined that then the 
ſun, which had long before been created with the ſtars, illuminated the at- 
moſphere in ſome meaſure as it does now in a cloudy or miſty day; that on 
the fourth 'day, when the ſun, moon and ſtars are ſaid to be made, the 
meaning is the air was grown quite clear, ſo that they might then all be 
ſen: as to the objection that there was no ſuch ſpectator upon the earth, 
he anſwers that he believed the Meſſiah, who created the world and often 
appeared in it before his incarnation by the bleſſed Virgin, was then upon 
the earth, and conducted the formation thereof, kept the journal and com- 
municated it to Moſes on the mount a: he ſuppoſes that at firſ the earth had 
no rotation round its axis, but revolved round the ſun in the plane of the 
eclipric, ſo that the length of the day and night was a whole year: that the 
diurnal rotation W * 
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it was-cauſed by the impulſe of a comet upon the earth: that the year then 
was 360 days, and the month 30: he owns the primitive earth to have had 
mountains, but not ſo high as at preſent: that it had ſeas alſo, not ſuch as 
they now are, but rather lakes, here and there diſperſed; for, if the ocean 
had taken up ſo much ſpace as it now does, he thought there would not have 
been room enough for the inhabitants, which he apprehended were much 
more numerous in the time of he long lived antidiluvians than they have 
ever been fince the flood. 
- He adopts the abyſs of 13 wherein he ſuppoſes a magnetic 7ucleus 
to ſwim in order to account for the variation of the needle, concerning which 
| ſee Halley in the Philoſophical tranſactions, n. 24. When he comes to the 
deluge, he ſuppoſes the great rains of 40 days to have been cauſed by the 
earth paſſing through the tail of a comet, which he imagins to have been the 
famous one that appeared in 1680, with a tail of a Prodigious length and 
breadth, whereof an account has been given 5 1322; and that in this near ap- 
proach that comet by its attraction, agitated the abyſs, ſo as to make it 


1 burſt the upper cruſt of the earth, which is expreſt in ſcripture by the break- 


ing up of the great deep. This theory of I biſton was alſo examined by Kei, 
but treated with more reſpect than Burnct's had been: he ſeems well enough 
pleaſed with the ſolution by a comet, mmm 
author publiſhed an anſwer, 

1380 In the year 1750, Mr. Buffon of the R. Academy of ſciences, 
e che ede in ds ſeveral theories of the three Engliſh authors, 
and advanced a theory of his own; which I think for its extravagancy 
may vie with any that have yet appeared. He ſuppoſes that a comer, 
coming with great to its perihelion, fell with ſuch a force oblique- 
ly upon one fide of the globe of the ſun, as to ſtrike off therefrom in a 
ſtream ſo much matter as the maſſes of all the planets amount to: cha, 
the parts of this ſtream, being of different denſities, were by the force of this 
impulſe driven to-different diſtances from the ſun: ſome of the lighteſt were 
carried as far as the orbit of fararn, and there by their mutual attraction 
were oompacted together, and formed that planet with its ring and ſatellits; 
chat other parts of a little greater denſity than the former were carried to the 
orbit of jupiter, and by mutual attraction compoſed the globe of that planet: 
that in like manner the reſt of the planets, mars, the earth, venus and 
mercury were formed into their reſpective globes, at their proper diſtances to 


., - which the matter whereof they conſiſted had been driven. He mentions 


ſeveral arguments which he thinks favourable to his opinion: one is, that 


0p 2 of the planets is not much different from the 0 of the 1 
another 
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another that the quantity of matter ſtruck off from the ſun is no more than a 
b goth part of his whole bulk; for according to Newton the maſſes of all the 
planets are equal to ſuch a part of that luminary : a third argument is, that the 
denſity of the planets is greater the nearer they are to the ſun; thus, mercury 
is more denſe than venus, venus more denſe than the earth, &c. another 
argument is, that this ſuppoſition gives ſome account of the cauſe of the 
projectile force whereby the planets would be carried on in ſtrait lines, if 
they were not retained in their orbits by their gravitation towards the ſun; 
as it does alſo of the planets all revolving the ſame: way in their orbits. 
He ſuppoſes the diurnal rotation of the carth while it was a burning globe 
in fuſion would make it become an oblate ſpheroid; that, when it cooled, the 
vapours raiſed up by the heat would fall in water upon the ſurface thereof: 
that part of the water mixed with the ſaline and ſulphureous corpuſcles going 
into the perpendicular fiſſures of the earth, produced metals and minerals: 
that part of the ſediment of the water formed the original ſurface of the earth, 
with which many parts of animal and vegetable ſubſtances are now mixed. 
All theſe hypotheſes agree in the notion of a central heat in the earth. _ 
1381 I would not detract from the merit of thoſe learned men, who have 
endeavoured to explain the Moſaic hiſtory, and v indicate it from the objections 
brought againſt it by the enemies of revealed religion, though they have ſome- 
times been miſtaken in the methods of their defence: there are collected in 
Burnet's theory many ancient traditions which confirm the ſcripture account 
of the primitive earth, the deluge, &c. In I biſton's theory there are many 
philoſophical truths laid down, many curious obſervations of the paſt and 
preſent ſtate of the earth; but there are alſo ſome ſuppoſitions not well 
enough founded to build ſuch a theory upon: when he makes the fix days 
—_ to be ſo many years, becauſe in ſome of the prophetic writers a day 
lignifies a year, this is departing from the text in a plain hiſtorical narration, 
which there is no occaſion to do, if it be conſidered that the almighty 
is able to create the whole univerſe in a moment: again, what he ſays of the 
comet coming near the earth at the flood may poſſibly be true, but is nor ſo 
ally demonſtrated to have been the fact as he ſeems to fancy; for, as to his 
running the period of 575 years backward and concluding, that in its ſeventh 
period from the appearance in 1680, it came near our earth; neither is the 
time of the revolution of a comet that goes to ſuch a vaſt diſtance from the 
ſun, where during ſo long a courſe it may be diſturbed by other comers, 
ſufficiently aſcertained, nor is the time of the deluge well enough determined 
by WE to warrant the conjecture, 
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There is one error runs through all theſe coſmogoniſts, that they ſeem to 
hain too low and mean notions of the Divine Omnipotence, as if it were 


confined to act by human methods: a man going to build a new houſe, will 


perhaps, to ſave time and EXPENCE, pull down ſome other buildings, and 

make uſe of the materials: but are we therefore to imagin that, when the 

Almighty Creator of all things is about to form a planet or an earth, for the 

habitation of men and other animals, he muſt caſt about for a ſun in decay, 
or take a comet out of its orbit whereof to compoſe a new world ? 

- Moſes is taken notice of by a celebrated writer, of antiquity for the dignity 
wherewith he mentions the effect of the Divine power in the production of 
light, God ſaid let there be light, and there was light: may we not ſay in like 
manner, that God, by the ſole effort of his will, brought the ſun, ſtars, pla- 
nets and comets, the earth and all the plants and animals thereon into being, 
in ſuch order, and in ſuch degree of — as ſeemed good to his infi- 
nite wiſdom to beſtow on each of them? The creation of the world was the 
miraculous effect of infinite power; and it is a vain preſumption to imagin 
vuVe can give a ſolution of it by mere mechaniſm, matter and motion. 

1382 Before I mentioned Ariſtotle, & 1372, I ſhould have taken notice of 
the opinion of his maſter Plato, who plainly aſſerts that the world was cre. 
ated in time; but that the idea thereof ſubſiſted in the divine mind from all 
eternity : that God, induced by his goodneſs, created it when he thought 
fit: that when the matter whereof the world conſiſts, was before altogether 
in a confuſed chaotic ſtate, the Divine Being reduced. it into order and gase 
it a perfect form, which nothing can impair or change but the ſame power 
that made it: and that it will continue in the ſame ſtate for ever; becauſe 
it is not reaſonable to imagin that a wiſe and benevolent Being will deſtroy 
his own work, which he beheld with pleaſure as ſoon as he had finiſhed 
it. He fays alſo God created the ſoul of the world before the matter of it: 
"by the foul he means the nature or the laws of nature. Plato in Times. 

Thus much may ſuffice for an account of the enquiries and conjectures 
which have been made concerning the manner how the univerſe was created; 

a thing far above human comprehenſion: it is better to confine our ſelves to 

reſearches into the nature and conſtitution of thoſe bodies whereof it conſiſts, 

and the laws whereby they are governed, in the preſent ſtate of things. 
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CHAP. 2. THE PRESENT CONSTITUTION OF THE UNI- 
VERSE. ACCORDING' TO THE ANCIENTS AND MODERNS: 
THE NEWTONIAN PHILOSOPHY: nun OF TIME, 
SPACE, MATTER AND MOTION. 


1383 The moſt ancient philoſophers. ge the Greeks, —— om 
the greateſt parr of their learning from the Chaldeans and Egyptians, held, 
that all material beings gonſiſted of atoms; ſome of them were of opinion 
that the atoms were ſimilar, others that they were diſſimilar: that by 
different combinations of theſe atoms the four elements fire, air, earth, and 
water were formed: that the difference between the ſeveral natural bodies | 
aroſe from the different proportions of theſe elements which entered into 
their compoſition: theſe atomical philoſophers, who all, except a few, Demo- 
critus, Leucippus and Epicurus, &c, believed the whole to be directed by a ſu- 
preme intelligent Being, are ſaid to have learned their notions from one Maſchas 
aPhenician, whom ſome learned men have thought to be the ſame with Moſes 
the Jewiſh hiſtorian and lawgiver : they all held a vacuum or void ſpace. 
Beſides theſe, we know but little of their tenets; ſome of which are menti- 
oned by Ariſtotle, who endeavoured to confute them; as alſo by Laertius, 
Pliny, in a treatiſe among the works of Plutarch and by Stob@us. ; "pong 
the moderns ſee Cudworth.and Stanley. 


1384 Some of the ancient Greeks travelled into Egypt where 1 = | 


flouriſhed: from thence Thales, the founder of the Ionic ſchool, brought his 


idea of water being the principle of all things; which ſeems to be derived 
from the tradition of our earth taking its origin from a chaos or fluid maſs 
of heterogeneous mixture: ſome of his ſucceſſors taught that the ſun and ſtars 
were earths heated to a great degree: that the ſtars, like the ſun had earths car- 
ried round them: that the moon would fall to the earth, if ſhe were not whirled 
round as a ſtone in a ſling: quotations to this purpoſe may be ſeen in Gregory's 
preface to his aſtronomy z that author will have it that they had the know- 
ledge of mutual gravitation of matter, and of the laws thereof: if he had 
remembered the doctrine of Empedocles about the alternate ſucceſſion of 
friendſhip and averſion to each other, perbaps he might have found therein 
the modern diſcoveries of attraction and repulſion : but this ſure is being too 
partial in favour of the ancients, to imagin they exhauſted the whales trea- 
ſure of natural knowledge, and leſt nothing for thoſe that came aſter them 
to diſcover. In Egypt Pythagoras learned the true ſyſtem of the 


4 G 2 world 


Po, 


596 ASTRONOMY We BOOK 4, 


world ; which, though he left nothing in writing | himſelf, was maintained 
by his ſcholars. | 
1385 When Ariflotle came to teach philoſophy at Athens, he contra- 
difted-moſt of thoſe who went before him; and, according to the cuſtom 
that then prevailed, began a new ſect of philoſophers, which grew to be 
ſo much in vogue beyond all the reſt, that his opinions were looked upon 
as inconteſtable. He taught a plenum, that all is full of matter, and that 
wing is no fuch thing as void ſpace in nature: in aſtronomy he maintained 


that the firſt cauſe which is intelligent, gave motion to the primum mobile, 


or outermoſt orb of the heavens, whereby the diurnal motion of all the hea- 
venly bodies is produced; but that the ſun, moon, and planets are carried 
round in their ſeveral periods a contrary way, each in its own ſolid orb: that 
the heavens and heavenly bodies conſiſt of a celeſtial matter ſuperior to that 


of the four elements, and are ingenerable and incorruptible, never had a 


beginning, and are not liable to any change: that comets are nothing but 
meteors or exhalations raiſed out of the earth by the heat of the ſun and car- 


ried up into the ether above our atmoſphere, where they burn till the matter 


of them is conſumed, that the cauſe of the levity of flame is that it endea- 
vours to riſe up to its proper place the ſphere of fire, which he imagined 
to be above the air: and that the gravity or weight of the earth is cauſed 
by a tendency towards its own place which is loweſt. 

As to all ſublunary bodies, he held that the three principles from which 
they ſprung, are privation, matter, and form: when pri vation is made a 


principle, it can only mean the fatus a quo, that every thing becomes what 


it is from having been ſomething elſe before; for example, a table is made out 
of ſomething that was not a table before: this ſurely i improves our knowledge 


very little: his materia prima or original matter is to be conceived diveſted 
of all properties, quantities and qualities; to be neither ſolid nor fluid, hard 


nor ſoft, &c. ſo that ſome have thought it would be reduced to nothing: form 
is that which makes any thing to be what it is, diſtinguiſhed from all other 
things: now, becauſe in every animal there is, beſides ſenſeleſs matter, ſome 


ſubſtance added thereto that has life, makes it to be an animal, the followers 


of Ariftotle will have every inanimate thing to have alſo a ſubſtance annexed 
to it, which is the form thereof: thus ſubſtantial forms were introduced into 
the philoſophy of the ſchools; whereas in truch what makes the difference 
in -natural bodies is an aſſemblage of circumſtances or accidents peculiar to 
each of them; chus, gold is diſtinguiſhed from all other metals by its weight, 


colour, ducility, being indiſolvable in aqua * . in aqua regia. 
See Boyle of forms and qualities. 
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1386 The principal advances in natural philoſophy made by the moderns 
are, the reviving the old Pythagorean ſyſtem by Copernicus, and the defence 
thereof by Galileo and Kepler: the diſcoveries by Tycho Brabe that co- 
mets move at a greater diſtance from our earth than the moon: the laws 
of motion in falling bodies found by Galileo: the laws of motion in the pla- 
nets by Kepler: the invention of teleſcopes, microſcopes and the air pump 
opened a large field of philoſophy unknown to the ancients: to which 
may be added, great improvements in anatomy and chymiſtry ; and the faci- 
lirating the communication of this and all other kind of knowledge by 
printing. I paſs by the vortexes and ſubtle matter of des Cartes as precarious 
ſuppoſitions now generally exploded, and proceed to cou e e 
cal principles of Sir 1/aac Newton. 

1387 That great author, as profeſſor Cotes obſerves in his preface to 
the ſecond edition of the principia, uſes partly the analytic, partly the 
ſynthetic method: in the analytic, by a number of experiments and ob- 
ſervations, he enquires hat the laws of nature are; and theſe being found, 
in the ſynthetic he concludes how they will operate upon various bodies: 
thus, having found that gravity is a property which univerſally belongs to 
ill bodies near our earth, he firſt, from the motion of the moon, demon- 
ſtrated that planet to have the fame gravitation towards the earth as all 
other bodies have: in like manner, from the motion of the primary planets 
round the ſun, he proved their gravitation towards that luminary ; and again 
from the gravitation of the ſecondary: planets, partly towards their primaries 
and partly towards the ſun, he ſhewed what were the laws of their motions, 
and particularly with regard to the moon, gave a more correct theory of her 
motion than had ever before appeared; and demonſtrated à priori that ſhe 
muſt, from that two-fold gravitation, have all thoſe: inequalities which 
aſtronomers have by incredible labour obſerved. That this is the beſt 
method of philoſophizing is evident from the e roles laid down by 
the author in his third book, 

l. We ſhould allow of no more cauſes of phenomena than are neceſſary | 
becauſe nature is ſimple, frugal, and does nothing in van. 

2. When effects are the ſame, we ſhould affign the ſame cauſes, ib n be 
poſſible: thus the fall of a ſtone to the earth in Europe is by the ſame 
cauſe as in America: heat is the ſame in the ſun as in a common fire: 
reflection of light on the earth is the ſame as in the planets. ö 

3. Such qualities as are found in all bodies we are acquainted with may 
de looked upon as generally eh te kind of bodies: ſuch as 

exten 
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extenſion, ſolidity, impenetrability, mobility, ieee or inactivity: 
to which we may add mutual gravitation. 
1388 Time, Pace, place, and mation, are ook * made uſe of but 
are in philoſophy frequently underſtood, in a. different ſenſe from the mean- 
ing of them in common ſpeech ; to prevent miſtakes, they may be conſidered 
abſolutely or relatively. The ee enen are — to the 
Newtonian philoſopby. wort 

- Abſolute time or fimple ne desde a moments bel one Sl 
in a continual ſucceſſion, flowing uniformly without any relation to any cre- 
ated being, has beon the ſame from all eternity, and will for ever continue 
the ſame. - Relative time is ſome portion of abſolute time, which our ſenſe 
meaſure by the apparent motion of one of the heavenly: bodies, or by ſome 
machine that [meaſures that motion; as a clock, a watch, &c. thus we come 
by our idea aan 2 a day, A a6 an hour 
-a minute, &c. 
. — — be divided into parts les and lefs without 
zend: I have ſeen a-watch with an hand that in a ſecond of time went round 
a circle divided into four equal parts; In- aſtronomical calculations, not only 
ſeconds,  but- thirds, fourths, and fifths are ſometimes employed: the leaſt 
part of time that is ſenſible may be different to different perſons ; as in ſeeing 
eee, eee eee ee, eee | 

—_— ſpace is always the ſame; immoveable, capable of receiving all kind 

of bodies, extended without limit: we may conceive it diviſible into parts 
les and leſs without end, but they cannot be ſeparated from one another, 
Relative fpace is ſome part of abſolute ſpace of certain dimenſions ; thus we 
may meaſure the infide of an empty caſk, of a room in an houſe; or we 
may even conſider the n ap the: * wherein the whole ſolar 
ane containedd. 

Abſolute place of a body i is that part of abſolute ſpace occupied or filled 
therewith, at any given time. Relative place of a body is its ſituation deter- 
mined by other bodies that ſurround it, or are near it: by the rotation of the 
earth, London changes its abſolute place continually ;. but its place in re- 
lation tothe globe of the earth continues the ſame; thus alſo the apparent 
ar relative place of a planet or comet at any time is conſidered among the 
fixed ſtars; which, as far as our ſenſes inform us, remain ee in the 

ſame part of abſolute ſpace. 
Abſolute motion of a body, is its being removed out of one part of abſolute 
ſpace i into another. This motion is ſometimes diſcovered by the cauſes thereof, 


or the power "I thereon ; as impulſe, or attraction: ſometimes it 1s my 
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by its effects; thus, one proof of the rotation of our earth round its axis is 
taken from the ſhape thereof, being an oblate ſpheroid, riſing higher at the 
equator, and the gravity of heavy bodies being there diminiſhed by the cen- 
trifugal force; as appears by this, that the pendulum of a clock adjuſted to 
other parts of the globe will Fhere go too flow, and muſt be ſhortened to 
make it keep true time. Relative motion of a body is the change of its relative 
place: apparent motion is when by the real motion of the ſpectator one way, 
other bodies that are at reſt ſeem to move the contrary way: thus, to a man 
fitting in a ſhip failing eaſtward, the ſhores and buildings in view ſeem to 
move weſtward : thus, by our earth turning round its axis, the heavenly bodies 
appear to go round us: thus alſo the earths annual revolution in her orbit 
makes the ſun appear to go round the ecliptic. c. 

1389 Matter or body is a ſubſtance extended in length breadth and thick- 
neſs, limited by ſome figure or ſhape, diviſible, impenetrable, and moveable, 
conſiſting of parts ſeparable from one another; the divifibility of matter into 
parts leſs and leſs without end, at leaſt in conception, is evident from 
bence, that we cannot imagin the ſmalleſt particle thereof to be laid upon 
a plane, but we muſt neceſfarily. conceive that the lower ſide of it touches 


the plane, and the upper fide does not: that matter is actually diviſible 


into an inconceivable number of parts is evident, from many experiments: 
one grain of gold will gild a prodigious number of yards of wire: one 
drop of a chymical coloured liquor will vifibly tinge many gallons of water: 
one grain of perfume will diffuſe a ſcent through every part of a large room: 
ſee Boyle of the nature of effluvia. Shaw's abridg. vol. 1. pag. 403. How 
ſmall the particles of light muſt be was hinted $ 228. By the :mpenetrability = 
of matter is meant that it ſo fills the place it occupies, that no other 
body can enter therein without diſplacing the” firſt; thus, if a wedge be 
driven into a piece of wood, it ſeparates the parts of the wood aſunder: if a 
ſoft body be compreſſed ſo as to take up leſs room than it did before, this is 
done by forcing ſome other matter out of its pores; as when air or water is 
ſqueezed out of a ſpunge; if a peice of metal be hammered fo as to leſſen the 
pores and bring the parts thereof cloſer together, this will make it leſs in 
bulk. By the mobility of matter is meant that it may be carried out of its 
place by the impulſe of other matter; thus, a bullet is ſent out of a gun 
by the force of expanded air: a ball is driven to a diftance by the ſtroke 
of a racquet. 1885 85 M © UH 
1390 All matter is of itſelf purely paſtve, can neither when at reſt put it-- 
ſelf in motion, nor when in motion bring itſelf to be at reſt, but Equally re- 
liſts any change of either of theſe ſtates into the other: this is called the 
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vis inertiæ or the power of inactivity in matter: from which it comes to paſs 


that there is required the ſame force to put any maſs of matter into any 
given degree of motion, as there is to ſtop it, when going on with that 


of motion. If a body be at reſt, it will for ever continue in the 
ſame. place, if not diſturbed by any other thing; if a body be in motion, 
it will for ever continue to move at the. ſame rate in a ſtrait line, if not 
obſtructed or turned out of the way by ſome external force; this is matter 


ol obſervation and experience. Ariffatle alſo taught that matter is paſſive. 


1391 The quantity of matter in any body is eſtimated by the ſolid parts, 
. by the bulk thereof; becauſe all bodies we are acquainted with contain 
pores void of matter; and even in the heavieſt bodies yet known, their pores 
take up more ſpace than the ſolid parts do. Newt. optics b. 2. prop. 8. The 
quantity of matter in any body i is known by its weight. 

1392 The quantity of motion is meaſured by the quantity of matter and the 
velocity of the motion of the body moved taken together, i. e. by mulciplying 
one by the other: for the motion of the whole body is the ſum of the mo- 


| tions of all its parts: in two bodies that are equal in quantity of matter, the 


motion of each is as its reſpective velocity: in two, bodies A and B equal in 
quantity of matter, if A moves with double the velocity of 3, the motion 


of A is double, or the force that cauſed it is double to that of B: again, let 


A be double to 3, to make both move with equal velocity, the force applied 
to A muſt be double to the force applied to 3; if I would compare the 
quantity of motion in two bodies A and B; ſuppoſe A contains a quantity of 
matter expreſſed by 4, or weighs 4 pound, and moves with a velocity of 2 
miles in a minute, multiply 4 by 2, the product 8 expreſſes the quantity of 
motion: ſuppoſe the quantity of matter in B is 6 pound, the velocity of 33 
miles in a minute, — bo multiplied by 3, the product is 18. I ſay the 
quantity of motion in A to that of n, is as 8 to 18. 
1393 Impreſſed force is an action exerted upon a body to change the ſtate 
thereof with regard to motion or reſt: this force is not to be conceived as 
motion inherent in the body moved, and puſhing it forward; for, if that 
were the caſe, ſuch continual addition would produce not an uniform, but an 
accelerated motion like that of falling bodies: the force conſiſts in the 
fimple_aQtion which cauſes the TR. and the body continues in the 
new ſtare into which the change is made by the vis inertiæ alone. An 
impreſſed force may ariſe from different cauſes; as percuſſion, prefſure, al- 
traction or centripetal force. : 

Percuſſion is the cauſe of motion when one body ſtrikes upon another, 
thus a ball is put into motion by the ſtroke of a racquet. If a veſſel full of 
water 
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water has an hole made near the bottom, a ſtream will run out of it with 
greater or leſs velocity, according as the preſſure or weight of the incumbent 
water is greater or leſs: and this weight is eſtimated, not by the largeneſs of 
the ſur face, but by the height of the columns of water in the veſſel above 
che hole: a clock is kept going by preſſure of the weight, or the ſpring. 

1394 By centripetal force is meant any force whereby a body is made to tend 
towards any point as a center, ſuch is gravity, whereby all bodies u 
or near the earth have a tendency towards the center of the earth: ſuch 
is the power of the loadſtone to attract iron, ſuch is the force whereby 
the planets are continually kept from flying off in tangents to their orbits 
and compelled to revolve round the ſun; in like manner as a ſtone in a ling, 
when whirled round, continually endeavours to fly off in a tangent to the 
circle, but is retained by the hand that holds the ſtring. The quantity of 
centripetal force may be conſidered as abſolute, accelerated, motive. 

1395 The abſolute quantity of a centripetal force or attraction is meaſured 
by the ſtrength of the cauſe thereof: thus, the magnetic power of one load- 
ſtone is greater than that of another. | 

1396 The quantity of an accelerative centripetal force is meaſured by the 
velocity it cauſes in the body moved thereby, in a given time: thus, the force 
of the ſame loadſtone is greater the nearer the iron is to it: thus, the force of 
gravity is greater, and makes a body deſcend with greater velocity in a valley 
or near the ſea; than on the top of an high mountain, ſee & 1409. 

1397 The motive centripetal force of a body is the weight thereof; and is 
meaſured by the oppoſite force which balances the ſame : thus, an heavy body 
in one ſcale is prevented from deſcending towards the center of the earth by 
another body of equal weight put into the other ſcale. 45 

1398 Beſides thoſe mentioned 5 1389, there is another property of mat- 
ter that ſeems not to be eſſential, but to be ſuperadded to it by the Almighty 
and All- wiſe Creator, to render it more uſeful for the purpoſes it was made to 
ſerve; and that is gravity or mutual attraction, whereby every particle of 
matter has a tendency towards every other particle: this attraction is of two 
kinds, the attraction of cobeſion, whereby ſmall bodies placed aſunder at very 
ſmall” diſtances approach one another, and unite into one maſs; or whereby 
parts of the ſame body adhere and ſtick together: thus, two ſmall drops of 
quickſilver placed very near each other, will unite together and run into 
one drop: in ſolid bodies, the bardneſs of ſome is thought to be owing to the 
parts in contact touching one another in many points: thus we ſee in 
glaſs that is broken, the ſurfaces parted are ſmooth, ſo as to ſhew they were 
in cloſe ccnta& beſore they were ſeparated... _ Ar OY a" Fe 
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1399 The other ſort of attraction or gravitation, is that which operates 
at a diſtance: of this we ſee daily inſtances in the falling of heavy bodies to 
the earth: this in a falling ſtone may be called gravitation, and is the ſame 
with its weight or tendency towards the center of the earth; in the earth we 
call it attraction, as if the power that moves it reſided in the earth: the truth 
is, the tendency is reciprocal; and if the ſtone were equal in quantity of 
matter to the earth, thoſe bodies would approach towards each other with 
equal motions; whereas, the difference between the quantity of matter of a 
common ſtone and the earth being enormouſly. great, the motion of the ſtone 
is very ſenſible; but the tendency of the earth to the ſtone ſo inconceivably 
ſmall, that the earth may be conſidered as perfectly at reſt; and therefore 
we ſay the ſtone gravitates towards the earth, and not the earth towards the 
ſtone: we ſay alſo the earth attracts the ſtone, not that the ſtone attracts 
the earth. To diſtinguiſh it from ſome others of a more confined nature, this 
attraction may be called general attraction; becauſe it is extended not only to 
all bodies upon the earth, but alſo to the ſun, planets, and comets. The 
great attraction of the earth is the cauſe that the mutual attraction of ſmaller 
bodies is not perceptible. 

1400 Of this action of bodies upon each other at a diſtance, no mechanical 
. cauſe can be aſſigned: as for the opinion that it may be effected by ſome 
ſubtle ethereal medium; whatever motion ſuch a medium may be ſuppoſed 
to have, and to communicate to the various bodies in the univerſe, it ſeems 
probable it might ſcatter them different ways; but it can never be ſhewn that 
it would drive them one towards another, except it were directed by ſome 
intelligent agent: let half a dozen corks or other light bodies be held down 
to the bottom of a tub full of water, if let go, the fluid will force them up- 
wards, but not towards each other. We obſerve many inſtances of ſagacity in 
the brute creation, in providing for ſecurity againſt what would injure them 
or their offspring; and we ſay they are directed by inſtinct; the meaning 
whereof muſt be, that the author of their being, by ſome way unknown to 
us, diſpoſes them to ſuch actions as tend to their ſafety : what reaſon have 
we then to exclude from any part of the material world the influence of that 
Almighty benevolent Being, who is intimately preſent in all the parts of his 
own work, and ſupports every thing in ſuch order as ſeems meet to his infi- 
nite wiſdom? if it be faid that the buſineſs of philoſophers is to point out 
mechanical cauſes, this is true ſo far as we are able to diſcover them; and 
yet all muſt at laſt be reſolved into the will of the Divine architect, who 
diſpoſed the ſeveral parts of the creation to act upon one another in the man- 
ner they do; and gave them laws, which, fo * as he thinks fit to _ 
m, 
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them, ſhall nor be broken: thoſe laws are commonly called the laws of nature, - 
into theſe and the manner of their operation, it is the part of a philoſopher 
to enquire; TT ———C eee 
_ obſervarions upon the bodies that are within our reach. 
Sir Tſaac Newton's laws of motion. 
21401 In the n philoſophy the laws of nature are firſt found by - 
ts, and then from thoſe laws the phenomena of nature are de- 
duced. The 14 law, every body or parcel of matter would continue in its pre- 
u fate of reft or motion if not diſturbed by ſome external cauſe: this is a 
ce of the inactivity or paſſive nature of matter, mentioned g 1390, 
and is evident from experience; for if a body be laid in any place, there we 
ate ſure to find it at any time afterwards, if nothing removes it: and, as to 
perſiſting in motion, every projectile or body thrown forward with any force, 
a bullet ſhot out of a gun, would for ever perſiſt to go on in a ſtrait line 
with the ſame velocity, if it met with no obſtruction; whereof this is a plain 
Rar the buller has no power to-make'a6y change-in xeon hoe. 3 
It is true, near the earth, a bullet ſnot out of a gun goes but a very little 
way with the greateſt velocity, or in the firſt direction given to it: for there are 
two cauſes of the change in the motion thereof; 1, the velocity is gradually 
retarded by the reſiſtance of the air, and 2, gravity brings it continually nearer 
w'the earth, and prevailing over the projectile force, makes it fall down. 
1402 The 2d law, all motion, or change in motion is proportional to the force 
that is the cauſe thereof : thus, if a given force moves a body with a certain 
depree of velocity, double that force will move the ſame with a double ve- 
locity : a treble force will move it three times as faft, &c. in conſequence of 
this law, if a body A in motion be impelled by another body s in the fame 
direion, A will have its motion accelerated more or leſs in proportion to 
the ſtrength of the impulſe. If » impells A in a contrary direction it will 
Ake away ſo much of the motion of A as the motion of B amounts to: if 3 
impells A with an oblique ſtroke, it will alter the motion of a, and cauſe it 
0 go on in GG compounded out of its own original direction and | 
the direction of B. 
1403 What has now been faid of pulls] is applicable alſo to attractive 
force; a body in motion, if attracted the ſame way it is going, will be ac- 


#7 


Wlerared ; if a contrary way, will be retarded in its motion; if with an oblique - 


ation, it will ſuffer a change both in its velocity and its direction. 

1404 And here, as a coro/lary or conſequence, it may be proper to lay down 
tie following propoſition ; if a body be ated upon by two forces, whereof 
© ny F 

4H 2 


vi. the: motion arifing from thoſe- two forces combined will be in a diagonal 
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1 thus, fig. 1, if a body be urged by a force ſufficient to carry it in a certain time 
from atoB, and at the ſame moment be ated upon by another force, that 
in the ſame time would carry it from a toc, it is demonſtrable that theſe two 
forces combined would cauſe it to go in the diagonal AD. From this pro- 

poſition the converſe follows, that any motion in a ftrait line A Þ may be 
reſolved into two e by drawing a parallelogram ſo as to make ay 
the diagonal thereof. | 

1405 The 34 law, reaction is always equal and contrary to ation; if 1 
body A acts upon another B with a given force, whether impulſe or attraQtion 
B acts upon A with an equal force, and in a contrary direction. 

Thus, when an hammer ſtrikes upon an anvil, the anvil returns the 
ſtroke: if a man ſtrikes his hand againſt a ſtone the ſame effect will follow, a 
if the ſtone ſtruck his hand with equal force : if an horſe by a rope pulls againſt 
a load, the load pulls the horſe with an equal force: this will be evident if the 
rope when upon the ſtretch be cut in the middle; the two halves of it will 
chen fly with equal velocity, one towards the horſe, the other towards the 
load: again, if a man in a boat upon a ſtill water, pulls another boat of equal 
bulk and weight, the two boats pull equally; for they will approach each 
other with equal velocity, and meet in the middle of the way: if a loadſtone, 
be laid upon a little boat of cork in a tub of water, and a ſmall piece of iron 
upon another cork be brought within the ſphere of the loadſtones attractive 
power, they will both move towards each other, with different velocities, 
but with an equal quantity of motion; for the iron will move as much faſter 
chan the loadſtone as the loadſtone is heavier than the iron, 5 1391. 

Action and reaction are ſeen in rowing, ſwimming, and flying; when the 
oar of a rower puſhes the water one way, the water puſhes the boat the con- 
trary way: in ſwimming, a man puſhing the water one way, the water drives 
him the contrary way: when a bird beats the air backwards with his wing, 
the air drives the bird forwards: when a bird beats the air downwards with a 
force exactly equal to hig own weight, as an hawk ſometimes does, he is 

, in 105 *. Without n any ee motion. 


CH AP, 3. ' GRAVITATION OR ATTRACTION: THE LAWS or 
FALLING BODIES: PENDULUMS:. PROJECTILES: CENTRI- 
 FUGAL FORCE: 'REPULSION: "ELECTRICITY. 


| 1406 That all kind of bodies at the ame diſtance from the earth gravitate 
towards the ſame, or weigh more or leſs according to the quantity of matter 
5 ee merits 7391, Way ** by eee eee 
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1, the atoms or ſmalleſt particles whereof bodies are compoſed are fimilar; 
2, every atom has a like gravitation: now if we imagin every atom of an 
heavy body, as for inſtance a ſtone, to have one end of a thread tied thereto, 
and the other end to be faſtened to an atom in the earth, we may eaſily con- 
ceive why the gravity of a body is greater or leſs according to the quan- 
tiry of matter or the number of atoms whereof it conſiſts: for a body & 
that has one thouſand atoms is attracted as if it were pulled by a thouſand 
threads; another body ; with two thouſand atoms is attracted as if pulled 
by two thouſand threads; they will therefore both of them move with 
equal velocity; becauſe they are each of them urged with a force proporti- 
onal to the quantity of matter to be put into motion: the double quantity 
is moved with double force: for this reaſon a cubic inch of lead weighs more 
than a cubic inch of wood; becauſe there are a much greater number of 
atoms in the lead than in the wood. | 

Theſe two bodies weigh unequally in a RO becauſe the ie body 
having a greater momentum preſſes the ſcale with double the force of the 
other: they do however when all obſtructions are removed, as in the ex hauſted 
receiver of an air pump, fall to the earth with equal velocity; becauſe each 
body is urged by a force proportional to its quantity of matter; _ WR 
quantity is acted upon by a double force. 

1407 If the earth contained more matter than it does, its e wok 
be ſtronger, and all bodies near it would be heavier than. they now are: for- 


ve may conſider a ſtone of one pound weight as if it were pulled by as many 


threads as there are atoms in the earth: ſo that if the earth had twice the 
quantity of matter, that is twice the number of atoms, the ſame ſtone would 
weigh two pound, as if it were pulled by twice as many threads. | + 

Corollary. The ſame body at a given diſtance from the center of jupiter 
would 1 as. much more than at the like diſtance from the center of the 
earth as the quantity of matter in jupiter is greater than in the earth: in the 
ſame manner the weight of any body upon the ſun or any of the planets may 
be eſtimated; or converſely, the attraction of a you! being: found, the 
quantity of matter therein may be known. 

1408 The mutual attraction or gravitation of bodies] is not a new notion, hoe 
has been mentioned as a probable thing by ſeveral writers: Sir Iſaac Newton - 
was the farſt who, by a large induction of particulars, proved the truth and 
univerſality of it: and, by. a ſublime geometry ſearched our the laws by- 


which 'this power acts: he gives us a caution that when he uſes the words 
attraction or gravitation he would not be underſtood to aſſign the mechanical 


auſe of the operations performed thereby: this he owns to be unknown; yer 
123 | does 
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does not bring into philoſophy occult qualities in the ſenſe of the Ariſtotelians, 
who pretended thoſe qualities aroſe from their forms, allowed by them to 
be things unknown; and therefore their ſaying a phenomenon aroſe from ſome 
occult quality was the ſame as if they had faid they knew nothing about it: 
whereas in the Newtonian philoſophy attraction or gravitation is ſhewn to 
be univerſal, reaching, without any exception, through the whole viſible 
ſyſtem ; not, only to all kind of bodies upon our earth, but even to the ſun, 
moon, planets and comets. And, although we are ignorant of the cauſe of 
this power, it may be of great uſe to determine the laws and inveſtigate the 
conſequences of it. | 
1409 The law of this gravitation is, that it decreaſes in the ſame pro- 
portion as the ſquares of the diſtance between the attracting bodies increaſe; 
thus, a ſtone near the ſurface of the earth tends towards the center with a 
force four times as great, -or weighs four times as heavy, as it would do if 
it were twice as far diſtant from the center. We cannot indeed carry any 
body to ſuch an height above che earth as to make experiments of this; 
bur the pendulum of a clock of the ſame length performing its vibrations 
quicker when carried near the equator than when near the poles, is a de- 
monſtration of the truth of what is here aſſerted, as will be ſhewn 
1410 At the ſame diſtance from the earth, taking away the reſiſtance of 
the air, gravity equally accelerates all falling bodies, whether great or ſmall 
heavy or light: this appears by an experiment made by an air-pump with 
a long receiver exhauſted, in the top whereof was placed a feather, a piece of 
paper and a guinea; if theſe be ſo held as to be all let fall at the ſame moment, 
they will all come to the bottom of the receiver at the ſame time. That all 
kind of bodies at the ſame diſtance from the earth gravitate equally, or are 
of equal weight in proportion to the quantity of matter, is farther evident by 
the following experiment ; let any number of boxes be prepared of the ſame 
ſhape and fize, that the reſiſtance of the air may be equal to all of them; 
into each put different matter; into one lead, into another iron, into a third 
wood, &c, ſo as to make each box with what is contained therein of equal 
weight, ſuppoſe two pound; let them be all ſeverally ſuſpended with lines 
of equal length: if they be all drawn at the ſame time to equal diſtances 
from the perpendicular ficuation, they will all, like ſo many pendulums, 
keep exactly the ſame time in their courſes and recourſes. | 
In the firſt of theſe experiments, the refiſtance of the air being taken off, 
all bodies fall together with the ſame velocity: in the ſecond, the boxes being 


all equal in ſurface, the reſiſtance of the air is the ſame to all of them: an 
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the boxes being all equal in weight, they all keep equal time in their ſwings. 710. 
1411 A weight ſuſpended upon a pin by a ſtring or wire is called a pendulum: 
the length of the pendulum is meaſured from the pin, which is called the 
point of ſuſpenſion, to the center of gravity of the weight? fig. 2, if the 2 
weight be drawn to C and let go, the force of gravity would carry it down- 
wards in the line cp; but, being confined by the ſtring it cannot go out of 
the circle, and muſt therefore go towards E, and will by acceleration in its 
fall acquire force enough to carry it up to A, an height equal to that of c 
from whence it fell; from A it will then with the ſame force as before fall to 
t and riſe to c, and from thence back again to A, and fo on without cealing , | 
if it were not for the reſiſtance of the air, and the friction of the pin; but 
thoſe two cauſes will gradually abate the length of its ſwings, till at laſt it 
ſettles at reſt in E. Eaves grinabn ro ee gente 3 
that it maypaſs through the air the more eaſily. | 
The ſhorter the length of a pendulum is the quicker are its ſwings, and 
that in the following proportion; the ſquares of the times of the ſwings are 
ns Wi inverſely as the lengths * — if the length of a pendulom eons 
e- bot it will ſwing twice as faſt as one of 4 feet. | 
vn As theair is ſome times more denſe and its reſiſtance greater than at other 
times, the ſwings of the ſame pendulum will not always reach to the ſame 
of Wl length of ſpace; if the ſwings be made in a circle, longer ſwings will take 
all Wi longer times: a ſmall ſpring is uſually placed at the upper end of the pendu- 
ith lm to a clock, whereby the weight, inſtead of a circle, is made to go nearly. | 
of in the arc of a curve called a cycloid: by this means the ſwings will be | in 
nt, equal times, though unequal in length. | 
all A wire or bar of metal is lengthened by heat, and ſhortened by cold, and. 
are Wi braſs more than iron: to remedy this inconvenience in the pendulum of a 
by dock, Mr. Graham: fixed to the rod a weight of quickſilver contained in a 
me Wl glaſs with a tube, wherein the quickfilver ſhould riſe by heat, ſo as to keep. 
m; the center of gravity of the weight always at the ſame diſtance from the point 
urd of ſuſpenſion : others have invented what is called the gridiron pendulum, a com- 
ual bination of braſs and iron wires ſo to counteract one another, as to keep the 
ines pendulum of the ſame length, in hot or cold weather: others have attempted 
aces Wl the fame thing by the lever pendulum : ſome have made uſe of a ſmall rod of 
ms, Wt ood painted over, to prevent it from imbibing any moiſture from the air: 
this laſt I have been told has ſucceeded very well ; wood i is not apt to ſwell. | 
oft, Wl or ſhrink lengthways of the grain. 
eine WF 142 Any heavy body, as a ſtone, a bullet of lead, &c. let fall from a 
confiderable height may eaſily be obſeryed to deſcend with greater * 
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FIG. the nearer ir comes to the ground: the law of this acceleration, firſt diſco- 
- vered by Galileo, is this, the ſpace a falling body goes through-( ſetting afide 
the reſiſtance of the air) is as the ſquares' of the times, reckoned from the 
2 beginning of its fall: for inſtance, let the whole time the body is falling be 
divided into any number of very ſmall parts, which to avoid a multiplicity 
of words may be called momente, whatever be the length of the line gone 
_ through in the firſt moment, in 2 ſuch moments it will go though 4 of thoſe 
lengths; in 3 ſuch moments it will go n in 4 it 
will go though 16 of thoſe lengths, &. 
1413 It appears from experiments 45 by ern! peifons that an 
body near the earth ( abſtracting from the reſiſtance of the air ) falls 16 
Engliſh feet and 1 inch in a ſecond of time: when I ſay near the earth, I 
mean if let fall from the higheſt place we can go to, as the top of an high 
tower, or of a mountain; for all ſuch heights bear ſo ſmall a proportion to 
. the ſcmidiameter of the earth as to be quite inconſiderable. See in Deſagulier; 
experimental philoſophy, vol. 1: p. 342: an account of letting fall leaden 
"LINE OIL tes top af the infide of ales ee of Be, Nerds London, 
Ihe diftance of the ſurface of the earth from the center at the equator is 
ſeveral miles greater than at the poles, & 1191; perhaps the difference in 
a falling bodies near the equator or near one of the poles would ſcarcely be 
5 5 perceptible ; but a pendulum by a number of oſcillations will diſcover it: 
and accerdingly, a clock that went very well at Paris required to have the 
_ pendulum thortened to bring it to true time when carried near the equator. 
4 1414 When a body near the earth is projected or throw. in any other di- 
rection befides that towards the center it is called a proje#ile : and is ſaid to 
| oro nodes, e eee rameters or a ball ſhot out 
of a gun is a projectile. 
1415 eien pee eher to the borizes, 
3 fig. 3, it will in its aſcent, by its gravity towards the earth, be continually 
_ retarded, ſo as to riſe flower and flower, till it is got to the utmoſt height 
to which the impelling force can carry it; from thence it deſcends with 
5 1412. 
eee of equal diſtance from the earth as B, c, p, the ſame body 
"ws equal velocity deſoending as it did aſcending : for it is equally at- 
by gravity at each of thoſe points, both in the aſcent and deſcent. 
1416 Aball ſhotout of a gun if it met with no obſtruction would, by the firſ 
law of motion, go on for ever in a ſtrait line with the ſame velocity; wheres 
it goes ſo but a little way, becauſe it is retarded by the refiſtance of the air, and 
is by gravity pulled continually nearer to the earth, and made to deſcribe 2 
5 a 0 . 1 5 curve 
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curye called a parabola, 5 19 1, the line wherein it moves bending mote ind ro. 
7 Hl 4 
The greater the force of the powder is che farther will the ball g o before it 
all to the earth: we may ſuppoe a ball to be thrown with foree'enough 
jo carry it 20, 40, or even 100 miles, though no engin can be inventedof force 
ſufficient for that effect; and if it could be thrown even [1000 miles, the 
ceatripetal force being ſtronger than the-projeQtile would hring it gradually 
nearer the earth, and at laſt cauſe it to fall thereon. —— We may farther 
ſuppoſe a ball to be thrown horizontally, at a ſmall diftance from the earth, 
vid a velocity that would carry it the length of a great cirele upon the earth, 
in a given time, and we may ſuppoſe it to be acted upon by a centriperal force 
edequate to the projeRtile; i. e. juſt ſufficient to balance the ſame, neither 
too weak ſo as to permit the ball to be carried farther from the earth, 'nor 
vo ſtrong ſo as to bring it nearer; in this caſe, it would, if the reſiſtance of 
the air were taken away, continue for ever to circulate round the earth, at a 
ſmall diſtance from the ſurface thereof: for,” by the firſt law of motion, it 
| yould continue to. go forward with the fame velocity, andi the centripetal 
mph operas 6. 4 its direction towards the earth, and pre verit 
is receding farther from it, in the ſame anger es 2 tone whitled in a 
| ling is hindred from flying off, ſo long as the hand holds the * 
1417 If a body be projected in the line A B, fig. 5, and attracted at the 
ame time towards ſome point out of the line of its direction as 8, ——5 
leſeribe a curve whoſe concave fide! ſhall be towards the centriperal po 
for the line it goes in will fall continually below AB, the line al ve | 
direction: and a line drawn; from that point to the body will 'ſweep'oyer 
F 
ſemly in a trait line. 214 e ee e (oy 


1418 If a body, ape e desde gene ee 
2 uniform velocity in a cirele, a line drawn from the center to the circum. 
ference of the circle will ſweep over equal areas in equal times; that is to fay, 
the wiangular areas A8B, sc, cs, &c. fig. 6, will be equal: this is 6 
obvious in a circle; becauſe the arcs A; BC. ob, & gone chrough in 
— e e aud dhe d Av,” 5, 7 0 ve, Ke. * likewiſe 
the triangles are equal. m0 20.5 $07 YC ICDL, 
97 — — boy cathied cordilh : 
Fl | focus of an ellipſis, and urged with a centripetal force adequate to the projec- 
ons wow ee wh vo cmd mire we the body. moving 
and I the circumference of the ellipſis will paſs-over equal ey v e 
wy ny — 4 10 4:0 cu vi; n Ren 
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x16. Lex cede be dinde incoequlparts,n the 5 pt fm lr theo, 
7 by whatever impulſe, go from A to n, fig. 7, in the ſecond part, if 

hindred; it would, by the firſt law of motion, I 
8 to c, 2 : but 
when the body is at B, let the centripetal force act upon it, fo as in the ſame 
time that its impulſe would carry it to c, — — 
ry it to v; compleat the parallelogram By cc, and the body will go to 
in the diagonal Bc, by & 1404. Now cc being parallel to s B, the triangle 
snc and sc will be equal, becauſe they are between parallel lines 83 


and cc: by the ſame t, will each triangle sc, s DE, s &c; 
be proved equal to sn A. If any number of thoſe triangles be added together, 
the total ſums as aps and res will be proportional to the times wherein 
they are deſcribed.;, - 

IF che lines an, nc bee be continued round center, they will form a pope 
and if the fides of the polygon be indefinitely increaſed in number, and 
indefinite decreaſed in they will form a curve, a circle, or an 
- : and the propoſition .will be true of thoſe curves, that a line drawn 

I Cnc nmtmmes efchc eiubocer fon che form 

to a body in the circumference of the ellipſis, will x 0." REL 

times. Newton. princip, p. 35 edit. Cantab, 1713. * Eik. 
1420 The converſe of tho 


of the ciccle, or the facus of the cllipfis, ö pes: 0 2: 
From hence it is proved, war os plas nd comes ae ll wed wi 


rund the earth; . eee e eee e eee, 
ſatellit of ſaturn raund ſaturn: this is true, except when the oentripetal force 

is diſturbed by the gravitation of ſome other body: the moons motion is 
di that is, ſametimes ee eee w 
will be ſhewn hereaſar. | 

1421 iti explain the fe 
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One example will ſerve to illuſtrate; what has been ſaid: let the ellipſis 210. 
43CDEPOHIELM, fig. 8, repreſent the orbit of a planet, going therein ac- 8 
cording to the order af the letters, round the ſun at s, in one of the focuſes 
of the ellipſis; and let the time of its revolution be divided into any number 
of equal parts, ſuppoſe twelve: in coming from & through n, c, o, &. the 
planet approaches nearer to the ſun; and, the centripetal force continually 
ncreaſing its velocity, goes through greater arcs in equal times, till it comes 
6 o; from thence its motion continually carries it to a greater diſtance 
from the ſun, and conſequently its velocity is retarded by the attraction of 
the ſun, and ir deſcribes in equal times, ares leſs and leſs, till it returns to a; 
from whence: it proceeds as before: now the triangular areas paſſed over by 
the line drawn from the planet to the center of the ſun, in equal times, will 
equals becauſe, es in-the planets going in the firſt half of the clliptis; from 
a to 8, the arcs, which may be confidered as the baſes of the mixed tri 

&cribed in equal times grow longer and longer, the legs grow: ſhortens fe. 
u to keep the triangular areas equal: in the other half of che ellipſis, in the 
planers going from its perihelion at g to its aphelion at a, the arcs grow 
ſhorter, but their ſhortneſs is by the greater nn 

bu to make the areas of the ſeveral triangles exactiy equal. 
force in a direction A x, nnd 
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If che line wherein 4 body is carried by a 
I force, and che 

forces be adequate one to the other, — — 4 
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peojettion a.» fg, g, makes an acute angle nag, with the g | 
los of divattion of the centripetal force Ar, the body will approach 
nearer to the attracting point, how. ſmall ſoever the force be wherewith it is 
attracted. If the line of projection A n fig. 10, makes an obtuſe angle x46, 10 
with the line of direction of the centripetal force Ae, the body wilt recede 
futher off from the attracting point, how great ſaever the attraQing force be. 
1423 Let us now conſider the and centripetal forces together, 
u they are compounded in the revolutions of the primary planets round the fun > 
lf the projectile e 
2 if they bo ſo: adjuſted that neither can overeome tho other, and ae 
66 — of the prejettils RRw Were * 
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pie. a tangent to a circle perpendicular to the radius, or line of direction of the 
 centripetal force, the planet would be carried round in a circle, and meeting 
with no reſiſtance, continue to go in the ſame for ever; for, by the laws of 
nature, the planet by reaſon of its inaRtivity, being once put into motion the 
velocity muſt continue the ſame, and the centriperal force continuing the 
| kn perpetually bends it down: to the ſame diſtance from the ſun. 
If the projectile and centripetal forces being adequate as above mentioned, 
ans of the projectile force makes an oblique angle with the line of di: 
rection of the centripetal force, the planet muſt revolve in an elliphis, 
whereof the ſun would be in one focus, fig. 9 and 10. 
4424 If at 3 0 
_ —_ tight angles to the projectile be too ſtrong for the ſame, the planet 
9 will deſcribe an ellipſis, fig. 9, and the point a from whence the planet ſer 
— aphelion: but, if the dentripetal force be too weak for the 
projectile, it will go in . Withe point where 
10 it began-its motion, fig. 100. 18 18 
145 When ee enn t according 
11 tothe order of che letters fig. 11, as it goes from 4 to , from B through 
CDP, it approaches nearer to the ſun; making an acute angle with the line 
drawn to the focus; ita velocity thereby increaſes all the way to the perihelion; | 
there the directions of the two forces are at right angles with each other; 
but the projeRtile force is ſo increaſed as to overcome the centripetal, and 
conſequentiy carry it further from the fun; in its progreſs though the other 
half of the ellipſis vr A there gradually receding from the ſun, and 
making an obtuſe angle with a line drawn to the focus; it is therefore 
retarded by the ſuns attraction, all the way to the aphelion at a, and in 
going to that diſtance from the ſun, the projeRtile force is ſo weakened that 
the centripetal force prevails over it, and brings: it down again through 
c ABCD &c. and thus it gors ee ee force and projectile 


1426 When a planet moves in an ellipks round the fun, the lice of 
. rection ofthe projectile motion is every where inclined in an oblique angle with 
the direction of the centripetal, except in two points, the aphelion and pe- 
rihelion In the aphelion, a planet is ſo ſituated that the line of direction 
of the projectile force is perpendicular to the direction of the oentripetal; it 
will not however go on in a circle, becauſe there the centripetal force prevails, 
and brings it down towards the ſun: in the ion alſo, thoſe two 
lines · of directien are one perpendicular to the other; bur'chere the projec- | 
tile force. is. too ſtrong for the * and. therefore carries the planes 
n 5 1427 
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en AP. 3. AST RONOMT 614 
1427 Whifton'was of opinion, that all the planets originally revolved roand 21 
the fun in cirles, and all in the ſame plane; and that the cauſe of their mo- 
tions being now in ellipſes anjd in different planes was the near approach of 
comets: for a comet coming near a planet on the eaſt fide would, by attract 
ing it the ſame way it was a going, accelerate its motion; and malte it go in an 
ellipfis, larger than its original circle: but a comet approaching near a planer 5 
on ie welt fide would retard its motion, and cauſe it to go in an elliptis lels - | 
than the circle wherein it before revolved; and that, if a comet moving in a 
different plane came near a planet, ir would attract it in ſuch a manner as to 
make: it revolve in a new plane nearer to the plane of the comet. 

1428 Every body whirled round in a circle endeavours continually, 1 12 
ies revolution, to fly off in a tangent to the circle it deſcribes; this appears 
by various experiments: let a ſtone in a ſling be carried round in the circle 
cee ee of the letters, fig. 12. when the ſtone is at A, 12 

if it be let looſe, it will fly off in the tangent Aa: if it be let looſe when at 
3, it will fly off in 36 : if let looſe at e; it will fly off in c c, &. the force. 
which urges the ſtone is called a centrifugal forte; becauſe it tends to 
carry it farther and farther: from the center of the circle; though nut 
in a direct line from the center. - The like effect of the centrifugal force may 
be ſeen. in the drops of water thrown from the rim of a mill- wheel im- 
merſed in water and going ſwiſily round: as alſo, to mention a more homely 
non in the drops that fly from a wet mop whirled briſkly round. 

1429 The greater the velocity is wherewith-a body is carried round, the 
Arooger. is the centrifugal. force: thus, the quicker a ſtone is whirled round | 
in a ling, the farther will it go when let looſe. While the ſtone. is retained: . 
in its circular motion, the centrifugal and the centripetal forces may be ſaid to 
be equal; ene the ſtone and by the hand which holds . 
it, $1405. If a ſtone in a fling be whirled round with ſuch velocity that the 
centrifugal force is greater than r 
the ſtring will be broken and che ſtone fly off. $6009 

As he is whirled round the ſun, the projectile . | 
fidered as centrifugal, in as much as it would fly off in a ungen, nag. 
centriperal force. were to ceaſe acting thereon. n 

1430 In a globe; which has a rotation round its axis, the ſeveral amt 
he ſarkace thereof are carried with different degrees of velocity, and conſe- 
quently. with different degrees of centrifugal motion; in the parts near the 
poles. this motion is very flow; in the equatoreal parts it is quickeſt: and 
Fr r e 
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2 ASTRONOMY voor 4. 

1431 We moos is inpelled round ber orbit by @ preyiectile farce, and retained 
8 flying off in a tangent, by a centripetal force adeqate to the projectile, 
that is. by her gravitation towards the earth: that the contripegal foros urges 
the moon towards the earth is evident by & 1420. 

That che gravitation of the moon towards the earth is of the ſame nature 
with chat Which makes heavy bodies fall to the earth, mentioned 5 1398, 1399, 
and follows: the ſame rule, given $ 1409, was firſt diſcovered. by Sir Iſaac 
Newton, and is proved in the following manner: the time of one revolution 


of the: moen round the earth, in. known wo. be 274.73 4 5: from thence 


may be computed: what arc ſhe goes in ber orbit in one minute of time: 


Iz let it be the arc. AB, fig. 13, draw Ap which will ſhew how far the moon 


would be carried by che ptojectile force alone in one minute, draw Bc parallel 
tao AD, AC will be equal to pn, and ſhews how far the moon would fall to- 


_ wards che earth by the centriperal force alone in one minute; A c is equal to the 


verſed fine of the arc 4B: this is found to be 3600 times leſs than the ſpace a 
falling body near the earth is carried through in a minute: now the diſtance of 
che moon being 60 ſemidiameters of the earth, her gravitation is 60 multiplied 
by 60 or 3600 times leſs than the gravitation of bodies near the earth; and 
canſequently the gravitation ——— follows the ſame rule as that of other 
bodies mentianed $ 1409. See the calculation in Whifon's prele@. math. 
1432 When jupiter and ſaturn are near conjunction, they diſturb each others 
matiansz #5 hath been obſerved by aſtranomers: near the ſame ns 
alſo, ſome. irregularities have been ahſerved in the fatellits of jupiter, which 
they are nat ſubje& to at other times, and are owing, no doubt, to the 
attraction of ſo large a body as that of ſaturn. Comets may be diſturbed by 
ſome of the larger planets, and by one another : that this might not often 
happen, is probably the reaſon why their orbits are nat fo nearly in the fame 
planes as thoſe of the planets, but are variouſly placed, that they might 
not come near one another in their aphelions, where their and 
centripetal forces are weakeſt, and where they might moſt cafily be dif 
eurbed. See 9 1324 & 1325. 4 
- 1433 The general mutual gravitation or attraction of carter is proved by 
various experimets: it is by gravitation that the of light are bent, 


in paſting very near to any ſolid body, 5 220. That the rays of light are 
refrated in paſſing out of one medium into another of a different denſity, 
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CHAP. 3: ASTRONOMY: 61 
in capillary tubes: and partly the riſing of the ſap in trees and plants: it is 


the ſame power that raiſes the tides; namely, N 


wards the ſun and moon, eſpecially the moon, which, though greatly infe- 
rior to the ſun in bulk, on account of her being vaſtly nearer to th earth, has a 
much ſtronger effect, as will appear when we come to confider the tides : 
the Game cccraAice- bf the tngon the croſs of cer preceicn'of e-entlaney 
wherein the attraction of venus and jupiter are alſo thought to have' ſome 
ſhare, of which more hereafter. Thus is the truth of the fact eſtabliſhed with 
regard to mutual gravitation of — kind of — ane in . heaven 
or on the earth. | 
1434 Befides the general n eee ene meme, ukieh 
operates according to the ſame law as is obſerved in all forces or powers that 
are diffuſed from a center, as light, heat, &c. 5 88 & 1409. There are alſo 
attractions obſervable in ſome ſorts of bodies, as amber, ſcaling wax, 
glaſs, and ſome precious ſtones, which,'warmed a little by robbing, have a 
power of attracting light bodies, a» lirtle bib of paper, fearb2ro Gill dead, ex 
thefe bodies are ſaid to be electrical, ——ͤ̃ —— | 
in which, this property was firſt or principally obſerved. - 
The loadſtone has a articular un Sears andy eee 
when near it, and is ſaid to be diminiſhed in a ratio of a cube and à quarter of 
its diſtance: that is, if the diſtance be twice as great, the -anraQtion will 
be 10 times as weak. Deſaguliers courſe of experimental philoſophy” vu 1. 
P. 16 & 40. bur ſee 5 1438. Beſides theſe, there are particular attractions be- 
tween certain bodies, as between bodies and light; for light act 
wich greater force upon ſuch bodies than upon any other, and will ſooner 
kindle thera into fire and flame. Net. optics, quete 7. Salt of tartar attract 
the watery particles that float in the air, which other falts will not do, id p. 
351. Water and oil of vitriol poured fuccefſively into the fame veſſel grow hot 
in mixing, which heat argues 4 great motien in the liquors, and this motion 
is a proof that the liquors ruſb towards one another. That tle ſame acid 


liquor is attracted by one metal more than another is evident from experi- 


mente; for aqua fertis will diſſolve filver and not gold; 1 
diſtolve gold and not filver. Newton's optics p. 3 $7. Aiken 0 

1435 There i another property of matter; in ſome bodies ar leaſt, 
to attraction, - and that is-repulfion: we have-ſeveral inſtances of this 
ſhall now be mentioned; in electrical experiments, — 
ſome circumſtances is attracted, in others will be repelled: a glaſs tube of 
—— two inches bore, warmed. by rubbing, 2 GEE 
per, thread, &c. and drive dem from it again, 


If 


$1b ASTRONOMY -. © BOOK. 4 
If a piece of iron be laid upon mercury, it will cauſe that fluid to be de- 
round the edges of the iron: if an oily ſubſtance lighter than water 
be li deren, the witer in like manner vil be depreſſed, as if it were 
| and driven from it: repulſion takes place between ſome bodies as 
ſoon as they are ſo diſtant from each other as to be out of the ſphere of the 
attraction of coheſion: however, bodies that repell may be brought ſo near as 
to attract each other: thus, oil and water may be ſhaked together till they 
mix: thus alſo, quickfilver by rubbing an 1 made with tin 
upon iron, may be made to adhere thereto. 
1436 The greateſt inſtance of repulſion is found in the air, tha ende 
and expanſion whereof to Sir Iſadc Newton appeared quite unintelligible, 
by ſuppoſing the particles of air to be ſpringy and ramous, or rolled up like 


hoops, er by any other means than a repulſive power: oprics p. 371. By 
reaſon of this repulſion, air is capable of ſuch compreſſi 


on and dilatation that 
it may be ſqueezed ſo as to take up but an exceeding ſmall part of the 
room which it fills in its natural ſtate; on che other hand, it is capable of 
being rarified to that degree that only one cubic inch of air, ſuch as commonly 
ſurrounds us near tlie earth, anne wete-taken therefrom would ex- 
pand:irfelf through the whole orbit of ſaturn. _ 

Kir is by Sir Laa Newron to-confiſt of particles which repell 
or fly from one another with a force which is reciprocally proportional to the 
diſtance between the centers of the particles. Air, notwithſtanding its elaſticity, 
is capable of being fixed to ſolid bodies of various kinds, and as it were con- 
ſolidated with them; and may again be ſeparated from them, and reſtored 
to its natural elaſtic ſtate. Many ſolid hard bodies conſiſt partly of air in a 
fixed ſtate; its particles cohering by a ſtrong attraction ; but may be ſeparated, 
by ñ̃re ot fermentation, from che body wherein they ate impriſoned; and be- 
eme true elaſtic air: and this air, afcer being let looſs,'may again beabſorbed, 

and conſolidated with the body from which it was ſeparated. 

A cubic inch of heart de e en ee cd 268 cubic inches of 
air, ſuch as we breath near the earth, which air, when contained in the 
wood, if it had been in an elaſtic tate; would havs rent it into ſhivers, 
with an exploſion like that of | gunpowder: but its particles being in cloſe 
contact, and adhering to one another, or to the particles' of the wood by at- 
traction, oonſtituted a part thereof, and was in weight about a fourth part 
of the cube of oak. But of all bodies whereon the late worthy Dr. Hales 
made experiments, he fays human calculus” — "he preaceſt quantity 
of ait: EE ag vol. 3. hap.'b. 
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It is by attraction that the minute particles of ſolids are ſo cloſely united 


to thoſe of fluids, as to make the whole become tranſparent: thus, watery 


and earthy particles of various kinds are diſſolved in air, and ſuſpended therein: 
thus alſo, ſalt is ſuſpended in ſea water, metals and other heavy bodies in 
ſuch menſtruums as diſolve them. See this finely illuſtrated in th philoſa- 
phical tranſactions for 1765, page 146. 

1437 Theſe two properties, attraction and repulſion, ſcem to r 
what has before been ſaid of matter, that is is void of all activity, is of itſelf 
purely paſſive, and incapable of all ſpontaneous motion. We have a very clear 

apprehenſion that one body or parcel of matter may affect another, as to 
motion or reſt, by ſtriking thereon, ſo as to put it in motion if- it be at 
reſt, or to change its direction if it be in motion: but we can form no 
idea how any two parts of matter can act upon each other at a diſtance; 
for, then they muſt be ſuppoſed to act where they are not: Sir I/aac Newton 
was of opinion, that there was diffuſed through the univerſe, at leaſt through 
the ſolar ſyſtem, a prodigious thin and ſubtle ethereal fluid, by the impulſe 
of which upon the ſolid particles of matter the powers of attraction. and 
repulſion are made to act; but then it is not eaſy to apprehend how the im- 
pulſe of this ethereal fluid ſhould always act in ſo regular a manner, accord- 
ing to fixt and eſtabliſhed laws, as it is found by obſervation and experiments 


to do, without the guidance of ſome intelligent agent: if therefore we 


ſhould attribute theſe powers to the immediate interpoſicion of the Divine 
Being, I can fee nothing in this opinion unworthy of a Chriſtian philo- 
ſopher: non vacat exiguis rebus adefſe Jovi, might paſs. with an heathen, 


who imagined it to derogate from the majeſty of the ſupreme Lord of the 
univerſe to give his attention to ſmall matters, or thought the taſk too great 


for him to overlook and conduct the whole ; and therefore aſſigned different 


deities to different parts of the world, Jupiter to govern the heaven, Ceres 


on the carth, Neptune in the ſea, &c: but to us who have better inſtructions 
concerning the Divine attributes, who have been taught that God is preſent 
every where, ls heaven and earth; that nothing can eſcape his knowledge, 
or reſiſt his power, that in him and by him, all ching and inanimate, 
move and have their being; it cannot 
into has will and pleaſure, as the firſt cauſe of all appearances and effects both 
in heaven and earth, and in the infinite ſpace that ſurrounds them: indeed the 


FE in every place is ſo much above 


, that it is difficult to find words to expreſs our conception 
thereof: what ever we can ſay of ſpirit muſt be borrowed from expreftions 
taken from the ſenſations of the human mind: Sir 1/aac Newton had ſaid the 

4K Deity 


appear unreaſonablo to reſolve all at aft 


618 ASTRONOMY BOOK 4. 
Deity perceived what ever paſſed, fully and intimately, as it were in his ſenſo- 
rium; this raiſed ſome clamour among his adverſaries, which Mr. Maclaurin 
has anſwered' in a very proper manner; that the expreſſion conveys a very 
*-ſtrong idea of the intimate preſence of the Deity every where, and of his 
* perceiving whatever happens in the compleateſt manner, without the uſe of 
«any intermediate agents or inſtruments; and that Sir 1/azc made uſe 
<« of it, with this view only; for he very carefully guards againſt our 
r that external objects acted upon the Deity, or that he ſuffers 
any paſſion or reaction from them.” Maclaurin's account of Sir hace 
Newton's philoſophy page 383. 

1438 Electricity has employed the attention of a great number of perſons, 
in order to inveſtigate the properties, the cauſe and effects of it: the theory 
thereof is not yet brought to perfection. This I think we may ſay is diſco- 
vered, that there is in many bodies a latent fire confined, which breaks forth 
when all compreſſion is removed from it: thus, quickfilver in a glaſs bottle 
void of air, when ſhook, ſends forth light, which it will not do in an 
open bottle, wherein its ſurface is preſſed upon by the ambient air. Electricity 
as well as magnetiſm is thought to be cauſed by the efflux of particles from 
the electrical or magnetical body, and their return to it again, carrying along 
with them ſuch bodies as they meet with. See in Boyle's works — 
vol. 1. effluvia: elefricity. Newton's optics pag. 314. &c. 

In 1709 Mr. Hawksbee publiſhed a book of phyfico-mechanieal experi- 

ments, ſeveral of which are electrical: after that, we have many inſtances 
of the properties of electricity related in the philoſophical tranſactions, down 
to the preſent time, eſpecially thoſe of late years; wherein an infinite number 
of experiments have been made, and ſeveral treatiſes have been written in 
divers parts of Europe, by Mr. Franklin, the Abbee Nolet, Mr. Watſon, 
Mr. Wilſon, &c. See the hiſtory and preſent ſtate of electricity by Dr. 

Prieſtley, in to. printed in 1767 for Dodſey, &c. Here the reader will meet 
with a large account of what has hitherto been done by others, or by the 
author himſelf; who, beſides relating ſome experiments of his own, has 
given many valuable hint about the deſderata, or things ſtill wanted to be 
diſcovered in electricity; has furniſhed the unpractiſed electrician with 
inſtructions how to proceed in his enquiries, and. given a deſcription of an 
apparatus, proper ſor exhibiting the experiments that have been already 
made, or for making a farther progreſs in this curious part of natural phi- 
loſophy. —— The greateſt utility ariſing from what is hitherto known 
on Chis ret 12 is Ber __ to . 
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en Ar. 3 'ASTRONOMY 619 
cauſed by lightning: and to cure ſome diſeaſes thar will not qubmit to 


any other medicine. 


 Muſchenbrook has a treatiſe abour the loadſtone, whole, an a great num- 
ber of experiments, he is forced to own himſelf at a lots, how to account 


for the ſeveral phenomena obſerved by him; nor could he diſcover any law 


according to which the force of magnetic attraction is diminiſhed by the 


diſtance of the iron from the loadſtone: Sir 1/aac Newton, by ſome coarſe 
experiments judged that magnetiſm decreaſed in about the triplicate ratio 
of the diſtance, princip. p. 368. But theſe .. not e 


any farther, as they do not relate to my preſent ſubject. 


Remarks upon $ 141 I, 


143 9 Tbe 3 here given may ſerve well enough for what is ye. 
a ſimple pendulum; namely, a ſmall bullet ſuſpended by a fine thread; the 
length wheredf may be taken without much error as here deſcribed ;. when 
the weight i is of den dimenſions, as thoſe of large clocks are, the 


length is taken from the point of ſuſpenſion to the center or point of oſcil - 


lation, which in a globe is below the center thereof, but its diſtance fram 


the center is leſs the longer the ſtring is: if the globe be: ſuſpended by a 
rod, as in common clocks, the weight and length. of che rod mult. be 


taken into the account, in order to find the center of oſcillation; as may 
be ſeen in Higenius de Horoleg. oſcillator. Rowning's natural ande 


and in Graveſande, phyſices elementa matbem. lil. 4. cap. II. 


The common clockmakers who would have their pendulums vibrate 
ſeconds, or half ſeconds, make them nearly of the proper length, with a 


ſcrew at the end of the rod, whereby. the weight or bob, as it is called, may 


be eaſily raiſed higher, if the clock goes too flow, 5 Or * down * if it 


c n | 


* Remarks upon $ 1427. | * 5 
1440 This opinion of Whiſton i is founded uf pon conjecture, and was adopted 


by him in his hypotheſis, mentioned 9 1379: 1 ſavours ſomething of the 


ancient prejudice, that circular motion is the moſt perfect, and that therefqre, 
that of the heavenly bodies is circular: Though we cannot always aflign the 
reaſons upon which the actions of Infinite Wiſdom are founded, we may 
diſcover in this diſpenſation the freedom-wherewith the planetary motions are 


ordered, enough to ſtop the mouths of all thoſe who would have it . Goo 


4k 2 


628 ASTRONOMY Book 4, 
are in'their preſent conſtitation by a neceſſity of nature, and could not have 
been otherwiſe; or that the whole frame of the univerſe was mechanically 
made; by matter and motion; whereas the interpofition of an All-wiſe free 
2 wherever we turn our eyes. 

The oblong orbits of comers may ſeem do ne perſons to have an 
elend appearance; and yer; whatever uſes cheſs bodies may have, to us 


unknown; one thing manifeſtly 3 — of 
the various poſitions of their orbits, and the vaſt diſtance to which ſome of 
B or the 
orbits of the planets. See 9 e eee 


_— 
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CHAP, 4. THE IRREGULARITIES OF THE MOON'S MOTION 
CAUSED BY THE ATTRACTION OF THE SUN ' 


1 . Lese Notes has danonftrated-thas, if different bodies revolve 
about a common center, and are acted upon by a centripetal force which is 
re as che ſquares of the diſtances, then the ſquares of their peri- 
odical times will be as the cubes of their diftances ; and that, if they revolve 
| in ellipſes, e eee AIP 20 GENE cf eee 
axes. princip. lib. 1. prop. 15. 

1442 The force of an attracting body is as the quantity of matter thereof, 
that is, in direct proportion to the cube of its diameter: if I would compare two 
homogeneous globes A and B, ſuppoſe both of lead; the quantity of matter 
in A is to the quantity of matter in 3 as the cube of the diameter of A is to 
the cube of the diameter of v: thus, if the diameter of A be 2 inches, and the 
diameter of v 3 inches, the cube of 2 is 8, and the cube of 3'is 27; I ſay the 
weight or quantity of matter in A, is to the weight of B, as 8 to 27. This 
propoſition may Os ie be applied to the fame attracting body at different 
diſtances; that its attractive force is directly as the cube of the apparent 
diameter thereof ſeen from the body attracted by it: thus, if the apparent 
diameter of the ſun at one time 31, at another time 32, his force when 
31 is to his force when 32 as 29791 the cube of 31 to 32768 the cube of 32. 7 

1443 If the earth and moon had no other gravitation beſides their ten- 
dency towards each other, the moon would perform her revolutions round 
the earth, in an clliptis, always of the fame fize and ſhape „in the ſame 
periodical time, the line imagined to be drawn from the center of the earth 
to the moon defcribing equal triangular areas in equal times: but the fun, 
though at an immenſe diftance, by reaſon of the great quantity of matter 

' CON - 
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contained in his vaſt globe, exerts a conſiderable attraction towards the earth x16; 
and the moon, or as it may otherwiſe be expreſſed, cauſes thoſe bodies to 
gravitate towards his center; and this gravitation is of different force; accord- 
ing as thoſe bodies are at different diſtances from him. This unequal attrac- 
tion of the ſun diſturbs the motion of the moon, changes the figure of her 
orbit, varies her diſtance from the earth, and prevents her deſcribing equal 
areas in equal times, as otherwiſe ſhe would do, by F 1418. | 
When the earth and the moon are at the ſame diſtance from the ſun, 
they are both equally attracted; when one of them is farther off from that 
luminary than the other, that neareſt to him is moſt ſtrongly attracted: 

b and it is the difference between them, or the exceſs where with one of thoſe 

bodies gravitates towards the ſun, or is attracted by him more than the other 

that is principally to be conſidered. 

1444 We will firſt conſider the orbit of the moon as if it were a perfect 
circle; in fig. 14, let AB cp repreſent the orbit of the moon, wherein ſhe is 14 
carried round according to che order of che letters: let s be che center of the 
ſun; the moon at B is in conjunction with the ſun, at p in oppofition, at A 
and e in quadrature: the moon in quadrature at A or c, is at the ſame diftance 
from the ſun as the earth at E, and conſequently thoſe bodies would be both 
equally attracted by the ſun, if the attraction were in parallel lines as the dor- 
ted lines are; but, as the direction of it is towards the center of rhe fon, it has 
| ſome ſmall effect in drawing them nearer to one another, and fo increafing their 
mutual attraction; this brings the moon nearer to us from the quadrature 
A to the conjunction B, the direction of the motion of the moon ſhewn 
by the ſhort tangents Aa, bb, cc, &c. making acute angles with xs the 
direction of the ſuns attraQtion, ſhe is continually accelerated: from the 
conjunction B to the next quadrature c, ſhe is going farther from the ſun, 
in directions ſhewn by the tangents ad, ee, making obruſe angles with the 
ſuns attraction, and is retarded: all this is obvious and eaſy to apprehend; the 
greateſt difficulty is to conceive how the like effects of acceleration and retar< - 
dation ſhould happen in the other half of her orbit: in order to fee this, we 
muſt confider, that the diſturbing force of the ſun arifes, not fimply from 
his attraction of the earth or the moon, but from the difference of the 
forces wherewith thoſe bodies are attracted by him: for, if the ſuns attractive 
force always acted equally upon both, the moons velocity might be increaſed. 
or diminiſhed thereby; but would be ſtill equable and uniform: whereas; 
in the half of the moons orbit anc, the moon, being nearer to the ſun, 
is more attracted than the earth; in the other half cDa, the earth, being 
nearer to the ſun, is more attracted than ye” moon; now, to a ſpectator 
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FIG. vpon the earth, who conſiders himſelf as at reſt, the earth being attracted 


nearer to the ſun, and farther from the moon, will cauſe the moon to 
appear to go farther from the earth, and the motions of the moon will 
appear the ſame as they would do if ſhe were . 
by an imaginary ſun at p. 
The difference or exceſs whereby the ſun attract the earth more than 
14 the moon all the time the moon is going from the quadrature c to the op- 
tion p, where that exceſs is greateſt, makes the moon appear to accelerate 
motion, ſo as to go ſwifteſt at v: as ſhe comes from thence the difference 
between the force of the ſuns attraction exerted upon the carth and upon the 
moon grows leſs and leſs, and the moons velocity is continually retarded, till ſhe 
comes to her other quadrature A, where the ſuns attraction acts with equal 
force upon the two bodies: this acceleration and retardation of the moon in 
her, orbit is called the variation, and was firſt obſerved by Tycho Brabe. 
1445 When the moon, from the quadrature immediately following con- 
junction, is going to oppoſition, the earth, being continually more and more 
attracted, takes every day a longer ftride towards the ſun, than on the day 
15 immediately preceeding: this is ſhewn in fig. 15, where in the firſt day the 
earth is by the ſun attracted from e to 1, in the ſecond day from 1 to 2, in 
the third day from 2 to 3, &c. this is one cauſe of the moon appearing then 
to accelerate her motion, to the oppoſition, and to retard it as ſhe comes from 
thence to the following quadrature; when the earth recedes from the ſun by 
the ſame degrees inverted; namely, from 3 to 2, from 2 to 1, from 1 to e. 
1446 The velocity of the moon in her revolution round the earth being 
changeable as above; cauſes a change in the ſhape of her orbit: when her 
projeRtile, or centrifugal force is too ſtrong for the centripetal, as is the caſe 
when the moon is in ſyzygy, where the attraction of the ſun weakens the 
mutual gravitation between the earth and the moon, by attracting one of thoſe 
bodies which is the neareſt to him from the other, her orbit is nearer to 
x6 a ſtrait line than in any other part: this is ſhewn in fig. 16, where the 
black circle repreſents the natural orbit of the moon, that ſhe would goinif 
the ſun had no effect upon her, and the dotted arcs g nb, and mn, repreſent 
the leſs curve parts of a larger circle wherein the attraction of the ſun cauſes 
her to move: for, the greater the velocity of the moon is, the more does the 
centrifugal force prevail over the centripetal, and the nearer does her path 
grow to a ſtrait line. On the other hand, when the moon is in quadrature, 
the path ſhe goes in is more curve, or part of a circle leſs than her natural 
orbit, as is ſhewn by the dotted arcs.-b Ac, and dee: when the moon is in 
the octants, i. e. in the middle between quadrature and lyzygy, the effect 


of 
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of the ſuns attraction is nearly mean, between the greateſt in ſyzygy and the 
feaſt in quadrature, The difference between the black circle and the dotted 
orbit is drawn much greater. than it really is, in order to make it eafily 
conceived, Sir Iſaac Newton computed the diſtance of the moon from the 
earth in quadrature to be to the ſame in ſyzygy as 70 to 69, princip. l. 3. p. 38. 
Here, before the reader proceeds any farther, it will be proper for him to 
8⁰ back to 5951, and read on to the end of the chapter. 7 5 
1447 The orbit of the moon being an ellipſis not much different from 
a Circle, the earth, or to be more accurate, the common center of gtavity 
of the earth and moon being in one focus thereof, what has been ſaid of the 
circular orbit, & 1444, 1445, will be found true in the ellipſis, ceteris paribus; 
namely, 1, that the motion of the moon is ſwifteſt in ſyzygy, ſloweſt in 
quadrature; 2, that from conjunction her motion is retarded all the way to 
the following quadrature; 3, that from thence it is accelerated all the way 
to her oppoſition; 4, that from the oppoſition it is retarded all the way to 
the ſubſequent quadrature; and 5 that from thence it is accelerated all the 
way to the next conjunction. 
13448 The ſhape of the moons elliptical orbit is alſo ſubject to like changes 
as we have ſuppoſed in a circular orbit; the natural ellipſis of the moon, which 
ſhe would deſcribe round the earth, without the action of the ſun, is by the 
ſuns attraction made more curve when the moon is in quadrature; leſs curve 
when ſhe is in fyzygy ; ; for in quadrature the centriperal force of the earth 
has its full force, and is a little increaſed by the ſuns acttion: in ſyzygy 
the ſuns action diminiſhes the natural gravitation between the earth and the 
moon, by attracting the neareſt of thoſe bodies from the other; ſo that, the 
centripetal force being leſs than it would be, and the projectile force increaſed, 
the moons path becomes leſs curve, or nearer to a ftrait line than it otherwiſe 
would have been: in the octants the effect of the ſuns attraction is mean, 
between the greateſt and the leaſt; and therefore does not alter the 2475 of 
the moons ellipſis, or the velocity of her motion. 

1449 The apogee and perigee of the moon are the two extream points of 
the line of the apſides: when the moon is in the apogee, the line of the di- 
rection of the centripetal force is perpendicular to the tangent, or the line 
wherein the projectile force impells the moon; and, if the two forces were 
adequate, ſhe would go round the earth in a circle, at her greateſt diſtance, 
with an uniform velocity: but, having been continually retarded in her 
motion, by the attraction of the ſun and the earth, and the projectile force 
having been continually diminiſhed all the way in coming to the apogee; - 
Gs a a force there meu and brings ber nearer "On nearer Fg 
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earth, all the way till ſhe arrives at her perigee: there the line of direction 
of the centripetal force is again perpendicular to the tangent, or path of the 
moon, wherein the projectile force impells her; and, if the two forces were 
adequate, the moon would naw, with an uniform velocity, go round the 
earth in a circle, at her leaſt diſtance; but the centripetal force having been 
continually increaſed in her deſcent from the apogee, has, by cooperating 
with the projectile force, made the ſame too ſtrong for the centripetal, ſo 
as to cauſe the moon to go farther and farther off, with a retarded motion, 
and a velocity continually diminiſhed, to the apogee, &c. | 
When the line of the apſides and the moon are both in ſyzygy, the 
velocity of the moon is greater than when they are in quadrature; becauſe 
the ſun then attracts the moon when in conjunction, and makes her run 
faſter towards him; and attracts the earth from the moon when ſhe is in 
vppoſition, which lets the moon go with greater velocity, and run farther 
on, before ſhe is turned by the centripetal force of the earth; chen the 


17 apogee goes forward from A to a, as is ſeen in fig. 17, where the black 


ellipſis ſhews the natural orbit of the moon, wherein the line of the apſides 
is AP, the apogee would be A, the perigee p; whereas the attraction of the 
ſun cauſes her to run farther out in the dotted arc wherein ſhe does not 
come to her apogee before ſhe gets to 4: the line of the apſides will be 


4p, the apogee will have moved forward from A to a, the perigee from p to p. 


1450 The moons apogee or the place of her greateſt diſtance from the 
earth does not always point towards the fame ſtars in the heaven, as it 
would do, if the longeſt axis of her ellipſis continued parallel to it ſelf; 
which would be the caſc, if the attraction of the ſun did not diſturb it: 
when the longer axis of the moons ellipſis is in fyzygy, or points towards 
the ſun, and the moon is alſo in ſyzygy, the attraction of the ſun increaſes 
che velocity of the moon all the way to the facceeding quadrature and makes 
the moon in apogee run farther out from the earth; fo that ſhe goes farther 
before ſhe arrives at the ſituation mentioned $ 1449, wherein tbe line of direc- 
tion of the centripetal force is perpendicular to the tangent or line of projectile 
force, and is the apogee, where the centripetal force prevails, as has juſt now 
been faid: here the apogee goes forward. On the other hand, when the line 
of the apſides is in quadrature, the contrary falls out; the longeſt axis of the 
moons ellipſis is ſhortened, and the ſhorteſt axis, lengthened, by the ſuns attrac- 
tion; and the moon comes ſooner to the ſituation wherein the line of centripetal 
force is perpedicular to the tangent, than ſhe would have done without the 
ſuns action: ſo that in this caſe the apogee goes backward: thus, in every 
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_ backward in the quadratures; 
| becauſe, when the apogee and the moon are in quadrature, the attraction of 


the ſun has only a ſmall tendexicy to bring the moon nearer to the earth ; this 


increaſes the centripetal power of the earth, increaſes the curvature of tlie 


orbit, and maker the moon come ſooner tothe a z that is e | 


backward: whereas, when the apogee moon ate in ſyzygy, the 
| action" of — — and the path of the 
moon is leſs curve; then the apogee goes forward: the force that carries it 
forward in ſyzygy is computed by Sir I/aac Newton, to be double to that 
which carries it backward in quadrature: ſo that, upon the whole, the former 
motion ſo much exceeds the latter, korn gs ns gn 
according to the order of the figns, 1n about nine 


In fig. 18, the black ellipſis ſhews the natural orbit of the Wb bed 18 


| the line of the apſides is in quadrature: in this fituation, the attraction of 
the ſun ſhortens the longeſt axis of the elliptic orbit, lengrhens the ſhorteſt; 
the moon comes nearer to the earth, moves in the dotted curve, and gets 
- ſooner to her apogee in a; ſo the apogee appears to go back from A to a.” 
Scholium. When the apogee goes forward or backward, the perigee does 
the ſame: aſtronomers take notice chiefly of the apogee becauſe the moons 
place, or as it is uſually called the moons anomaly,” is meaſured from thence, 
and is the diſtance of the moon from the place of her apogee, I 
minutes and ſeconds, reckoned according to the order of the ſigns. 
The moon has been conſidered as moving in an ellipſis, for the ſake 
more eaſily conceiving her motion, 


changing, in ſuch a manner, that ſhe may every minute be ſaid to be moving 
in a part of an ellipfis, in fize, ſhape, and ſituation, — from that ne 
was deſcribing in the minute immediately preceeding. 

1451 That the moon goes farther before dle cames e her apogee; be 


greater the projectile force is in proportion to the centripetal, may be illu- 
trated by fig. 19, wherein if we conceive a ball to be ſhot out of a gun, if it 19 


met with no obſtruction, it would go on for ever in a ſtrait line A Bc, if acted 


upon by that impulſe alone; but being all the while attracted towards the earth, 
the oentripetal force operates continually upon it, and cauſes it to deſcribe a 
parabola, the vertex whereof at Þ is the place where it begins to fall towards 


the earth, and is as it were the apogee of the ball, r 
from che carth to which the impelling force can carry it, before it falls: it 


is eaſy to ſee that, if the projectile force had been greater, the ball would hive - 


+ =o farther as to z; before it would fall; Ln 


* 


a 41 been 


it to a computation, in or- 
der to find her place at any time: whereas, in reality, her path is perpetually | 


but goes D e 710. 


bo 
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710. been leſs, n nnn as when it 


vas got no farther than B: ſuch is the caſe ol a projeRtile near the earth; that, 
| becauſe the centripetal force remains the ſame, the vertex of the parabola 
| deſeribed- thereby, is farther from the point of impulſe, the greater the im- 
pelling force is: the like obtains in the moon, with this difference only; that 
beſides. the projectile force, the ſuns- attraction, ſometimes accelerating, at 
other times retarding the. ſame, the centripetal force, of the moon towards 
the earth is alſo in ſome ſituations increaſed, in other ſituations is diminiſhed, 


5 FP | 


| drawn: a little backward, as has been. ſaid, it 4, 4: yn” 
1452 In fig. 20, the great circle repreſents the orbit wherein the earth 
o goes round the ſun at 83 the ſmall ellipſes. are ſo many orbits wherein 


5 the moon is carried round the earth at E: the line of the apſides or longeſt 


axis of the moons otbit is A . the apogee A, the perigee v: the line of nodes 
mn: if we take m for the aſcending node and ſor the deſcending node, it 
is eaſy to apprehend. that one half ofthe ellipſia An is above the plane of 
the earths orbit; the other half mn below it: that A is the moons northern, 
r bet ſouthern limit: if the line of the apſides and the line of the nodes were 
always carried parallel to themſelves as in this figure, they would each point 
towards the ſame ſtars; becauſe. the diameter of the moons orbit, and indeed 
of the orbit of the earth, carried to the heaven is inſenſible, too ſmall to be 
obſerved: but hat we have here ſuppoſed, in order to make a difficult affair 
more eaſy to be apprehended, is nat true: neither Wr 
. nor.the line-of the nodes: abe min parallel. to-theen(elves. TED 

1453 Ehe moons: orbit being in a plane different from the plane of the 
_ ecliptic, whereof the ſun always occupies the center, his attraction has a ten- 
dency to bring the moons plane nearer to the plane of the ecliptic. When 
the plane of the moons nodes extended paſſes through the center of the 
ſan, his attraction cauſes. no change therein, and ſhe may then be ſaid 
to be in ler natural plane: the only effect tlie ſun can then haye upon the 
moon, is to accelerate or retard: her motion, as mentioned 5 1444, 144 5, 
1447: in every other ſituation of her orbit, the attraction of the ſun brings 
the moon, and conſequently the plane ſhe moves in, nearer to the ecliptic; 
een b. e dee pe bee 
upon | 

13454 One eſſect af the ſuns attraction aka ee, 
the line of nodes: for, as the moon is approaching to any node, the attraction 
of the ſun makes her come ſooner e eee or to her 
node, RD r erag 5 
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When che line of nodes um is in ſyzypy, the plane of the moons orbit 


ane paſſes through the center of the ſun, and conſequently his at- 
traction cauſes no alteration in the poſition thereof: the angle of inclination - 


F16. 


20 


between the orbit of the moon and the ecliptic is then the greateſt poſſible, and 


the nodes are at reſt: in every other ſituation of the orbit of the moon, the 
ſun is on one ſide thereof, and ſo attracts the moon as to bring her nearer 


to the ecliptic, and thereby to leſſen continually the angle between the two 


planes of the moons orbit and of the ecliptic, all the way till the line of 
nodes is in quadrature with the ſun, when that angle is the leaſt it can be: 
from thence forward, as the ſun approaches to the node again, this attraction 
of the moon towards the ecliptie brings her faſter towards the plane thereof, 


planes grows wider, and wider till the emen Ve, ne the next lyaygy, 
where in i n df itoaarwabnegniute,: 

In fig. 2 e :Gow, AB part of the 
moons. orbit, wherein ſhe would, without the ſuns attraction, have come 


at every approach to the node; by*which means, the angle between the two 


21 


to her node at c; and the angle between the two planes would have been 


ACE; by the attraction of the ſun at a, ſhe will come ſooner to her 


node at p, mne. Bere km artig and CO ug ; 


wider:than ace » x16 


. F chips ian, ade eee 


ſituations,” with more or: leſs velocity, retrograde, and go back faſteſt in 
the quadratures: when the moon is between the node and the neareſt quad- 


rature, the nodes go a very little forward; but in every other ſituation, 
back ward. — qrincih; 1. 3. prop. 30. The reſult is, that in every 


lunation they are carried backward; ſo wh 
to the order of the ſigus, in about 19 years. 


1455 When we ſpeak of the apogee or the nodes going forward or back- 


ward, by means of the ſuns attraction, we are not to think the action of the 
ſun can operate upon the line of the apſides or the line of the nodes, or 


upon the plane of the moons orbit; theſe are all of them imaginary unreal 


beings, terms invented by aſtronomers, for the more eaſily conceiving and 
explaining the motions of the moon: the attraction of the ſun can only act 


change the direction thereof, and thereby cauſe her to change her orbit, to 


the earth alſo, as a ſolid body, may by attracting it out of its place, cauſe 
the like changes — qaaliory. ae: 0:REo REIN 
from whence we _—_ view that planet. 


upon the moon as à ſolid. body, and accelerate or retard ber motion, or 
come. ſooner or later to her apogee, or to her node: the action of the ſun upon | 


1 805 a ee 
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To illuſtrate this by two examples; 1, ſuppoſe at any time the moon comes 


to her apogee when her longitude is in the firſt point of Y; in the ſame 


month of the ſubſequent year, ſhe will not come to her apogee till ſhe is got 


to the 100 of d; we ſay then, that the apogee has in that time gone 40 forward: 
2, ſuppoſing the aſcending node of the moon is on this preſent 20th of may 


: in the 20 of 8, we ſhall, on che ſame day of the ſame month in the next 


year, find chat node about che 1 of Þ 3 on which account, we ſay the line 


5 of nodes has gone backward a the rate of about 19* in a year; and conſe- 


limit; for then the attraction is moſt direct, that is, neareſt to perpendicular 


2 is carried quite round the zodiac in about 19 years. 


1456 The inclination of the plane of Dre moſt 


diminiſhed by the ſuns attraction when the moon is in her north or ſouth 


to the path of the moon: the force of that attraction is more and more 


oblique, and therefore is more and more diminiſhed, all the way as the 
moon goes from the limit to the node, where the ſuns attraction ceaſes to 


3 the inclination of the orbit, and ĩt is reſtored to its natural ſtate. 
In fig. 22, let s repreſent part of the ecliptic, v the plane of the 
. n 2429 294 to be viewed edgewiſe, v the place the 


: F if the ſun had no effect 


upon her motion, then her apparent place in the heaven would be at 4; and 


the angle between the plane of the orbit of the moon and the plane of the 
ecliptic would be r Ms: but, the attraction of the ſun drawing the moon to C. 
the angle between thoſe two planes will be ax s, and the moons apparent place 
in the heaven will be at 3. The ſouthern limit of the moon without 


- the ſuns action would be 1, but the ſun attracting her to I, ſhe appears in the 


| heaven at x; and the angle 


betw¾een her orbit and the ecliptic will be E x /. 
When the earth is by the ſun attracted our of its place, to a ſpectator upon 


the earth, the moon muſt be ſeen in the heaven, in a place different from that 
| ſhe would have appeared in, had the earth not been ated upon by the fun. It 


is obvious to ſee, that the angle . 


grows leſs and leſs, all the way as the line of nodes is going from ſyzygy to 


* and hat he ſame angle is increaſed, nner 


| going g from quadrature to ſyzygy. - 


- 1457 The more oblique the direction of the ſuns attraction is to the path 
of the moon, the weaker is the force thereof; the nearer to perpendicular to 


5 the moons path the ſuns attraction is, the ſtronger is the attracting force: 


1 line Tb dne b en 


the force of attraction, like that of impulſe, ee eee e cho 


1158 
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1458 The ſmall ſyſtem of the earth and moon is neareſt to the ſun when 
the earth is in peribelion; therefore, the diſturbing force of the ſun, as to all 


the irregularities above mentioned, is then greateſt ; his diſturbing force is 


leaſt when the earth is in apbelion, at the greateſt diſtance from the ſun: the 
earth is in perihelion in december. Tt has alteady been ſaid, F 14501 that, 
when the moon is in lyzygy, the centripetal force is more weakened by the 


attraction of the ſun, than it is increaſed thereby in quadrature; one conſe- 


ence of this inereaſing is, that the projectile force becomes too ſtrong for 
2 oentripetal, and the more ſo, the greater the ſuns attraction is: the projectile 
force being ſtronger cauſes the moon to go in an orbit larger, as being nearer 


to a ſtrait line; and, going in a larger orbit, ſhe muſt take longer time to 


go through the ſame namber of degrees: in winter, therefore, when the ſun 
is neareſt, and his attractive force ſtrongeſt, the periodical month is a little 
longer than in ſummer, wigs this n is farther from the ſun, —_ 

attraction weaker. PF RI > 
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we CHAP. 5. THE TIDES. 


1459 Tide in ancient Engliſh ſignified the ſame as time 1 as appears 
by thoſe compound words noon-tide, even- tide, ſhrove-tide, &c. by the tide 
general is now meant the flux and reflux of the ſea; the firſt of which i IM 
„or high water; the latter is the tide of ebb, or low water. 
tides are influenced by the moon, has long been known: Kepler 
was —— firſt who thought they were cauſed by the gravitation of the 
water towards that planet: Sir Iſaac Newton entered deeply into that ſpecu- 
lation, and demonſtrated in what manner the tides were raiſed, by the 
attraction of the ſun. and moon ; principally by the latter, which, though 
vaſtly inferior to the ſun in quantity of matter, is much fuperior to: him 
in raiſing the tides, by rasen af being ſo much nearer to the earth 
than that great light is. 
If either of the” lnatriee' af dee e Weed 


fide Lak f 


the poles of the earth, the water by gravitating towards the ſame would | 
be there accumulated under them, and remain conſtantly at the ſame hight | 


without any flux or reflux. 
1460 We will confider whit ec thi'wpon has in the firſt place. If the- 
earth and moon were without motion; and the earth were all over covered 
with water, the attraction of the moon would raiſe it up on an heap, in that 
part of the 3 moon * n 


con- 


- 
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vid. continue; but, by the rotation of the earth, and the revolution of the 
moon, different parts of the ocean come ſucceſſively under the moon; the 

eaſtern. parts firſt, which are ſucceeded by thoſe more weſterly: now the 

water. being held to the earth by the attraction thereof, or by its gravity, 

cannot follow the motion of the moon, ſo as to be conſtantly in an heap 

under her; but takes time to roll over the carth.,,... 


- G.. + 


23 1461 Let us firſt ſuppoſe the moon to he in the equator: Jer fg- 28, re- 


preſent the earth all over covered. with water, as it would appear projected 
upon the equator AB p, the eye of the ſpectator being in the axis of the 


certh, produced or lengthened to a conſiderable diſtance: let abcd repreſent | 
dle orbit of the moon; if the moon be at a, by the rotation of the earth 


according to the order of the letters, the meridian A, will come firſt under 
the moon, then v, c, B: now as the water is carried, round upon the carth 
from D, a place in quadrature with the moon, towards Aa, which may be ſaid 
to be in conjunction with the moon; the motion thereof, will by the attrac- 
tion of the moon be accelerated upon the earth, and run faſter towards 4 
than the rotation of the earth would carry it, and being accelerated will by 
continual addition of new force have acquired the greateſt velocity at a: 
as the water goes from A to 3, its running round upon the earth will 
be retarded by the attraction of the moon, all the way to B, where conſe- 
quently it will have the ſloweſt. motion: but, if it moyes ſwifteſt at a th 
towards B, and floweſt at B, the effect muſt be to raiſe it higheſt in the 
z middle between thoſe. two places; and the high water will be at », l 
whereof the moon paſſed the meridian ſome hours before. The tide of flood 
is not raiſed inſtantancouſly, upon the moons coming to be vertical to a 
place, but, by a gradual acceſſion of new force, the following, waters puſhing 
and driving on thoſe, before, continues to increaſe the hight, and this for 
3 hours, ſome. times 4 or 5 hours or more, after the appulſe of the moon 


8 W G. 2 g. Fg. . 2. 8 


Sg. 2 


In the ſubſequent twelve lunar hours, while the water goes through 3 Co, 
2 it is carried by the rotation of che earth from s to c, it is attracted the 
ſame way by the moon at c, and is thereby ſo. accelerated as to go with 

the greateſt velocity at c: from c to p it is retarded, and goes ſloweſt at D; 

and conſequently, Will be accumulated in the middle between c and v, eg 

and the Þigh tide will be at n. We may conſider hours as lunar or ſolar: the 

twenty four lunar hours, are the time wherein the moon goes from a meri- 4 

=. dian and returgs to the ſame again: by the twenty four ſolar hours are meant, th 
| the time between the fums appearing to leave any meridian and reeurning io | 4 
dhe ſame. As the moon, by reaſon of her progreſs in her orbit, comes every 


* 
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day ſeveral minutes later ee e the day immediately FIG. 
preceding, the lunar hours are a little longer than the ſolar, - 
- 1462 I have here ſuppoſed the. moon to be in the equator, where her at- 
traction has the greateſt effect; becauſe,” there it moſt accelerates or retards 
| the rolling of the waters along, in the earths rotation: in all other fituarions, 
the force of the moon is weaker; . becauſe the attraction is in a more oblique 
direction, and the farther the moon is from the equator, the more oblique is 
her attraction, andthe weaker is the force thereof.” In fig. 24, let rnꝗ be 24 
the globe of the earth, x d the equator; if the moon be at 1, ſhe 
accelerates the water coming directly towards her, or retards What is going 
directly from her, the moſt that is poſſible: if the moon be at's. or K, ſhe 
attracts the water in an wer Ager, 78. e che more ſhe. 
is diſtant from the equator. | HS 
The obliquity of the difeQion is not the only cauſe of the tides being es 
when the moon is out of the equator; for; when the moon is at a diſtance - 
from the equator, the greater her declination i is, the nearer does the caſe ap- 
proach to her being over one of the poles, where it has been ſaid & 1458, _ 
the- water would be raiſed"on' an heap withour OTE. of high and 
low tide” F 
1463 The Aw Bes ae as ines üpüd the rides, as well as the moon, 
though not in the ſame degree: Sir 1/aac Newton has computed that the 
force of the moon in the great ocean raiſes the water ten feet; whereas the 
ſun only raiſes it two feet: when theſe luminaries are in ſyzygy, and 
in the equator, the combined” forces of both Taiſe the tide twelve feet. 
when the moon is in quadrature with the fun, and both thoſe luminaries are 2 
in the equator, the attraction of the one raiſes the water where the other 1 
depreſſes it; and, the leſs force of the ſun being deducted from that of the 
moon, the tide will be no more than eight feet. 5 
Thus it appears that, though the twWo laminaries excite two motions, they . 
5 will not appear diſtinctly; but, e will ariſe one mixed motion. Th 
1 compounded out of both. * 
0 | 4 hw force er the te ee tori de be 1s Fendi hal 
j proportion it bears to the force of the ſun, and this is collected from che 
q effects of thoſe forces. Before the mouth of the river Avon three miles below - 
e Briſtol, the water has been obſerved, in the vernal and autumnal ſyzygies, 
* to riſe about 45 feet, but in the quadratures to 2 5 feet only: the former f 
t, theſe hights ariſes from the ſum of the Wee e Wee. . br 
0 dene UW" eee, a+ ths Fat , ONE TINT 1 
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What has been faid of the general phenomena of the tides, holds true 
only in ſuch ſhores as lie expoſed to the wide and deep ocean: as to narrow 
or ſhallow: ſeas, or the mouths of rivers, the times of high and low water 
depend upon ſeveral circumſtances now to be mentioned; if the water in 
flowing towards the ſhore paſſes over flats or ſhallow: places, or rocks near 
the ſurface of the ſea, by the ſailors called breakers,” the time of high water 
* be later than otherwiſe it would have been without thoſe obſtructions. 
In ſuch ſhores as lie towards a deep and open ſea, with a ſteep aſcent, 
5 where the waters can riſc and fall without any precipitation of influx or efflux, | 
the tides anſwer to the forces of the ſun and moon: whereas, in ſome ports, 
by reaſon of their going through long and narrow ſtraits;the waters are hur- 
ried in and out, with ſuch violence, as fometimes to lay the ſhores under 
water, for many miles; ſometimes to leave them dry for as large a ſpace: 
this may happen when a large body of water is raiſed in one or more wide 
places, and driven towards a narrow channel which cannot diſcharge them 
ſo faſt as they come in, ſo that the following waters preſſing upon thoſe 
before, raiſe them to great hights, as was mentioned g 1460. 
| 146 The greateſt tides fall out in the ſyzygies at or near the equinoxes, 
when both luminaries are in the equator ; which will be the greateſt of all 
if the moon be at the ſame time in perigee. If the moon be in perigee at the 
e Ys ſhe muſt be in apogee at the immediately preceding and ſub- 
ſequent oppoſition; for this reaſon two high tides do not immediately follow 
one another. Neur. princip. lib. 2. prop. 24, 26, 27. 

1466 The force of the ſun or moon in rien b e n the 
e of the luminary to the meridian of the place; but the force impreſſed 
upon the ſea at that time continues a little while after the impreſſion, and is 
' Increaſed by a new, though a leſs force ſtill acting upon it: this makes the 
ſea riſe higher and higher, till the new force; gradually diminiſhing, becomes 
too weak to raiſe it any more; then the ſea is riſen to its greateſt hight: this 
comes to paſs in one or two hours, nnn or 
even more where the ſea is ſhallow. Neur. prencip. lib. 3. prop. 24 

When any power is continually increaſing, it does not arrive at its 
greateſt force till it ceaſes to increaſe: for this reaſon, the heat in ſum- 
mer is not greateſt at the ſolſtice, when the heat of the ſun is greateſt; 
but afterwards, when the additional heat being every my leſs and bs, is 
- diminiſhed to nothing: ſee 9 771, 772, 773 · 

1467 The wind blo 


SE 


owing the ſame way the tide is going, will 6 


late the time of high and low water, and make it alſo riſe to a greater hight, 


or run off to a lower ebb: on the other hand, a contrary wind will both 
retard te tide and n the riſe nd fall thereof. n 1468 


— 


1468 The action of the toiiiinties;; eſpecially of the moon, having We 
enough to raiſe and depreſs the waters of the ſea, muſt have a conſiderable 


influence upon ſuch a fluid as the air that ſurrounds us, and cauſe a kind of 
tide in the atmoſphere: the effects of this may be ſometimes gentle winds, - 


moſt near the equinoxes. - 


— 


and when more violent, ſtorms and hurricanes, which are obſerved to rage 


de imperio ſolis et lunæ in corpus humanum. + 
1469 Previous to the explaining the cauſe of the 55 Sir Jace "OM 


laid down ſome corollaries, which follow from what he had demonſtrated 
concerning the irregularities of the moon ariſing from the action of the fun: 
_ ſuppoſe, ſays he, the earth had revolving round her ſeveral fluid bodies, at 
equal diſtances from her ſurface, each of thoſe would ſuffer the ſame change 
in its motion as the moon has been ſhewn to be liable to; would move ſwifter 
in conjunction or oppoſition with the fun, and flower in quadrature: ſuppoſe 
_ farther; thoſe bodies to be ſo numerous as to be contiguous, and form a fluid 
ring; the attraction of the ſun would cauſe thoſe parts of the fluid to riſe 
which are in conjunction, and the parts in quadrature to ſubſide: the nodes 
alſo of the ring would be retrograde, as the nodes of tlie moon are und 
to be: ſuppoſe farther, that the earth were extended on each ſide of this ring 
ſo as to form a channel to receive it; in the diurnal rotation, every part 
thereof by its gravity adhering to the earth, would be carried round 
therewith uniformly, if not diſturbed by the action of ſome other body: 


but by the attraction of the fun or moon the water would be accelerated 


coming into ſyzygy, and retarded going into quadrature; and this would 


cauſe a reciprocation of flux and reflux. Princip. Ib. r. prop. 66. cor. 19. 


- Suppoſe the fluid ring to become ſolid, as it would be if frozen to ice; 
there would indeed then be no more flux and reflux: but if the ring were 
Iooſe, the nodes thereof would {till go backward: ſuppoſe the globe to ſwell 


ſo as to adhere to the inſide of the now ſolid ring; the caſe would be fill 


the ſame; the nodes of the ring would go back, but more flowly, becauſe 


it muſt nom carry along with it the weight of the earth. 


-- The ring, not adhering to the globe, would have the greateſt Ale 0 


between the plane thereof and tlie plane of the orbit wherein the globe 


revolves, when the nodes are in ſyzygy: the ring has a tendency to diminiſh 


8 wes? all the while the nodes are going into — and will 


1 | | TO” 


-The leſſening the weight of the air in 

ſome places, and increaſing it in others muſt cauſe” ſome change in the 
fluids of animals; accordingly, it is obſerved by phyſicians, that ſome diſ- 
_ eaſes, to which the human body is ſubject, are exaſperated or mollified in 
: hey ſymptoms, in different fituations of the moon: of which ſe Mead 
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. impreſs this on upon the globe when it adheres thereto: che globe retains 
this motion till the ring gives it an impreſſion the contrary way: the greateſt 
tendency to leſſen the angle is when the nodes are in quadrature, conſequent- 
IV, the angle, continually diminiſhing, is leaſt when the nodes are in the 
_ oftants following quadrature: the tendency to widen the angle being great- 
eſt when the nodes arg in ſyzygy, the angle becomes wideſt in the octants 


following the ſyzygy. See the latter "as of J 1466. Thus leads to the 
es of * . a i 


AH 
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CHAP, VI. THE PRECESSION OF THE EQUINOXES : Tur MUTATION o 
e THE POLES. . 


«As of * 5 


s 1470 We have ſeen i in the 8 chapter how the action of the fon 
upon the moon cauſes a retrograde motion in the line of nodes. Howithe 
- preceſſion of the equinoxes follows from the fame principles, I ſhall take 


the liberty to ſhew in the words of Maclaurin, p. 350. of Sir Jaac Newton's 
diſcoveries, as I cannot invent better. 


 _ « If a planet revolved about the earth near. to its Gurface, 3 in the plane 
of the equator, its nodes would alſo go backward, though with a ſlower 
“motion than thoſe of the moon, in proportion as its diſtance from the 
« earth's center was leſs than that of the moon. Suppoſe the number of 

it ſuch planets to he increaſed till they touch each other, and form a ring in 


A the equator, the nodes of this ring would go backward, in the ſame man- 


<< ner as the nodes of the orbit of one planet revolving there. Suppoſe then 
_ « this ring to adhere to the earth; its nodes would {till go backward, but 

<« with a much flower motion; becauſe the ring muſt move the whole earth 
to which it 1s ſuppoſed to adhere. The elevation of the equatoreal parts of 
e the earth has the ſame effect as ſuch a ring would have; only the motion 
« of the nodes of the equator, or of the equinoctial points is ſlower, becauſe 
the accumulated parts of the earth, — . a ſpherical figure, are diffuſed 

00 over its ſurface, and have a leſs effect than if they were all collected in the 
7 plane of the equator, in form of a ring. The moon has a greater force on 
_ « this ring than the ſun; becauſe of her leſs diſtance from the earth; and 
they both contribute to produce the retrograde motion of the equinoctial 
< points: the motion, however, produced by. both is ſo flow, that theſe 
« points will not finiſh a revolution in leſs. than 25000 years.” Sir Tfaac 
Newton has determined the. quantity of this motion from. its cauſes, and 
found ; it & conſonant to the en of ee, 8 


22 2471 How 
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1471 How the fi being i in the center of the ecliptic, by perpetually x; FIG; 
drawing the equatoreal ring into the plane of that circle, cauſes the preceſſion 
or regreſſion of the equinoctial points, is eaſily apprehended, Wen what has 
been ſaid: how the moon alſo contributes towards this will appear, if we 
conſider that, though the orbit of the moon deviates from the plane of the 
_ ecliptic, that deviation is but ſmall, only about 5 degrees, ſo that, the 
attraction of the moon has nearly the fame effect as it would have if her 
revolution were in the plane of the ecliptic: andy by reaſon of her near- 
neſs to the earth, ſhe has a greater influence In cauſing the preceſſion of 
the equinox than the ſun has. From the combined force of both lumi- 
naries, the going back of the equinoctial points is found to be at the rate 
of 50 ſeconds in a year: this is the mean motion of the equinoctial points, 
as diſcovered by comparing ancient obſervations with modern ones: Brad- 
ley ſettled it by comparing his own obſervations with thoſe of Tycho Brabe | 
and others. Phil. tranſa#. 1748. 8 
1472 From this ring ſuppoſed round the equator, or from the pe of 
the carth equivalent | to ſuch ring, by the theory of gravity, it is concluded : 
there muſt be twice every year a nutation of the poles, or a change in the 
ſituation of the axis of the earth : fig. 25 is a perſpective view of the orbit of 25 
the earth, wherein it is carried round the ſun, 7 the north pole, 5 the 
ſouth pole, eq the ring upon the equator; A is the place of the earth at 
the vernal equinox; c the place thereof at the autumnal: at both equinoxes 
the plane of the ring extended paſſes through the ſan; and, there is hen no . | 
change in the poſition of the earths axis: when the earth is at's, at the, © 
ſummer ſolſtice, the direction of the ſuns attraction is towards the upper fide _ 
of the ring, and has a teridency to lift it up, and move the axis of the earth 
into the ſituation expreſſed by the dotted line, nearer to a perpendicular to 
the ecliptic, len the north pole has a nutation or nodding towards the ſun: 
when the earth is at p, the winter ſolſtice, the attraction is directed towards 
the lower ſurface of the rings plane, and pulls it down, which cauſes a 
change in the ſituation of the axis ſimilar to the former, ben the ſouth pole 
has 4 nutation towards the ſun; both theſe nutations cauſe the ſame change 
in the axis of the earth, but are ſo ſmall as to have all along eſcaped the _ 
obſervation of aſtrotiomiers, on which account the axis of the earth is com- | 
| monly faid to be catried parallel ts itſelk in its annual motion, 
_ ©3474 Tf we confider the plane of the equatoreal ting, we ſhall ind the 
moon is ſometimes in that plane continued, that is, has no declination; and 
ſometimes goes into declination, or is elevated above the plane of the ring 
ſereral degrees. When the moon is in the plane of the ring, het attraction 
| 4 * 2 cauſes 
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+ ©... cauſesno change i in the ſituation thereof; when the moon is elevated more or 
leſs above the ring, her attraction is more or leſs ſtrong, according. to her 


different elevation: the nearer to a perpendicular to the plane of the ring the 


5 direction of attraction is, the greater is the force; the more oblique the di- 


rection is, the weaker is the force of attraction, 5 1457. As the moon goes 


from the equator, her attraction grows ſtronger till ſne comes to her greateſt 
N ; declination, hen her attraction is ſtrongeſt: in going from her greateſt 


declination nearer to the equator, her attraction grows gradually weaker. 


In every revolution of the moon her attraction is ſtrongeſt when ſhe is 


change falls out every month; but the nutation cauſed thereby is too ſmall 


to be obſerved: in the courſe of 18 years and 7 months there is a 585 


in the greateſt declination of the en, N any a change. of 18” in 
the place of the pole. 


1474 When the aſcending node of the moon is in the COUERS of. Y, 


ber greateſt declination from the equator is 28“: When the aſcending node of 

the moon is in the beginning of =, her greateſt declination is but 187: the 
ſine of 28* is 4694716, the ſine of 18* is 3090170: the force of the moons 
attraction, when the aſcending node is in Y to the force when her aſcend- 
ing node is in , is as 4694716 to 3090170, or in ſmaller n 
nearly as 47 to 31. 5 1457. 

1475 In the philoſophical aalen; for the Om 1748, Dr. Bradley 
communicated to the R. ſociety his obſervations of above 18 years, whereby 
he diſcovered the nutation of the poles and the quantity thereof: he found 
there was 18” difference between the ſituation of the north pole of the 


equator in 1726, at the time when the moons aſcending node was in the 


beginning of aries, and the ſituation of the ſame pole in 1735 when that 
node was in the beginning of libra: the ſtar chiefly made uſe of was that 
marked y in the conſtellation of draco; this ſtar changed i its declination 18” 
in that interval, or was 18” nearer to the pole, that is, ſo much did the 
nutation bring the pole nearer to the ſtar, at one of thoſe times than at 


in or near the ſolſtitial colure; for then her declination is ; greateſt: this 


the other: for, in order to be aſſured that this was not owing. to any 
change of place in that ſtar, he obſerved the like change of place i in ſome 


other ſtars: and, by a ſeries of obſervations, during an entire, revolution 
of the moons nodes, it appears, that from the time when the aſcending 
node of the moon was in the beginning of aries, to the time when it was 
gone back to the beginning of capricorn, or in 4 Years, the pole had 
changed its place g”; and that at the end of 9 years, when the aſcending 
AY. the moon was gon hck to eee the place * 
the 
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the pole was changed 18“: and, moreover, at the. end of 18. years, when FIG, 
the moons aſcending node returned to. the beginning ob aries, the pale had | 
returned to the place it ſet off from, © 
In order to en plain this, ſee fig. 26, where the lacke uche repreſents the 26- 
Diſtitial colure, on the plane of which a are projected in {trait lines the plane 
of the ecliptic E e, of the equator. A B, the orbit of the moon mn, thee Ua- 5 
toreal ring ab; all viewed edgeways, by the eye 1 in the line or nodes San 
infinite diſtance from ; the moon at n is in the groatelt fouth, © at 71 ihe 2 
greateſt north. declination ſhe can ever have; her attraction upon the outh 
lane of the equatoreal ring at à is the neareſt to perpendicular, and there- 
— the ſtrongeſt, $1457, and cauſes the greateſt.change in the axis of the 
earth, carrying it into the ſituation expreſſed by a dotted line, and makes the 
pole to have a nutation towards the zenith, or a ſtar near the ſame; wher e- 
by the declination of the ſtar is altered, ſo as to be a few ſeconds leſs. . 
In the 27th figure j is exhibited the projection of the ſame circles on the 7 : 
| folftitial colure,. as in the preceding figure, viewed in the Une of nodes 
at an infinite diſtance from &: here the orbit of the moon m makes a 
ſmaller angle with the equator, and conſequently the moon attracts with 
E leſs force, which cauſes a nutation of the pole the contrary way to that of 
the 26th figure, this was the caſe in the year 173 5; when the place of the 
pole was 18” diſtant from the. place thereof j in the year 1726. have in 
both figures repreſented the deviation of the pole 1 much 1 than the 
truth, to make it more eafily ſeen, |. v4 ; 
In all theſe ohſervations Bradley made allowance kor the abe ciation. of n 
the ſtars, and the mean preceſſion of the equinox. 55 ore 5 | 
- . Small changes are diſcovered beſt by a, teleſcope in a perpendicular e: 
tion, becauſe 4 ſtar's diſtance from the zenith muſt. vary. as the nutation of | 
| the axis of the earth changes the place | of the zenith; whereas, in other 
1 ſituations, we cannot be fure the bending of the inſtrument; the inaccu- | 
' racy. of the diviſions; or the uncertainty. of refraction, are not ſome of by 
them the cauſe of alterations that are only of a few ſeconds... ot 
As 1 had ſome acquaintance with Dr. Bradley, having been with him at 
3 Kew, at the houſe of the Hon. Samue ! Molyneux, Eſq; when he was aſſiſting n 
bim in preparing a large ſpeculum for a reflecting teleſcope; I made him a 9 
* viſit at Wanſtead in Eſſex, while he was making the foregoing obſervations: „ 
© the teleſcope he made uſe of was, ſufpended in a vertical poſition by two 38-0 
+ ſmall cylinders fixt near the upper end of the tube, in ſuch a manner that | 
the axis of each cylinder p e would be perpendicular to che axis of 
the tube, AY 11 rough e fame: AE e e Wt n a wy 


-# . 4 * $ 1 . 4 q 
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5G. aſide, the axis thereof, or the line of collimation, would ſwing i in the plane 


28 


of the meridian: from one of the cylinders hung a ſmall filver wire with. 
a plummet, reaching beyond the lower end of the tube, and immerſed in a 
veſſel of water to keep it ſteady: the wire played freely upon a ſmall braſs 
ſector curiouſly divided by ſmall lines, diſtant 5 minutes from one another, 
to be viewed by a microſcope: at every obſervation, the wire was firſt 
brought to the point which it covered when it hung exactly perpendicular, 
and there was fixed near the teleſcope a braſs plate with an hole and ſcrew 
on one end of which there was'an index to be turned round within a circle 
divided into an equal number of parts; the other end- of the ſcrew was 
pointed againſtthe north fide of the tube; the threads of the ſcrew were made 
ſo exact, that when it was turned round, the index would ſhew how many 


ſeconds the other end of the ſcrew puſhed the axis of the teleſcope out 


of the perpendicular: as I deſcribe all this by memory, I ſhall, in fig. 28, 


give a view of a like inſtrument, from Smith's optics, vol. 2. page 455. 


Dr. Bradley aſſured me that he could depend upon being exact in his obſer- 
vations by this inſtrument, ſo as not to err above half a ſecond. When 
he obſerved he lay down upon his back on a cuſhion a little raiſed for the 
head, which I found very practicable, for I made the experiment myſelf, 
though there was nothing then for me to ſee beſides the croſs. hairs of the 
teleſcope, it being in the day time. One thing the Doctor told me which 
may be of uſe to any one who would make the like obſervations, that he 
put upon the upper end of the teleſcope, an hollow cy linder of paper or 
paſteboard, of about a foot in length, to catch the dew, which would 


: otherwiſe fall upon the object glaſs, and render it obſcure. 


1476 The Newtonian philoſophy, after ſome oppoſition given at its firſt 


appearance by the diſciples of Ari iftotle and Cartes, is now and hath been ſome 


years almoſt univerſally received in Europe, ſo that many able mathemati- 
cians have employed their thoughts in conſidering the various effects ariſing 
from the mutual gravitation of matter; and particularly in calculating the 
force wherewith the een bodies act upon one another. It was matter 'of 


nar. 6, ASTRONOMY T 639 
them round; but the me aſſigned by him why they deviated every one 
of them from that circle was ſome particular repulſive faculty reſiding in 
each planet, which threw it out of the way wherein jt would otherwiſe have 
gone: this notion'is ſo unintelligible, as not to deſerye an attempt to explain 
or confute it. What may reaſonably be concluded from theory ĩs, that every 
planet hath a tendency to draw every other planet out of its orbit: when one 
planet diſturbs the motion of another, the force of the diſturbing planet 
depends upon the quantity of matter, diſtance, and direction of its motion: 
it depends alſo upon the velocity of the planet diſturbed, becauſe the greater 
the momentum is, the ſtronger is the projectile motion, and the more 
powerfully does it reſiſt any attempt to change the direction thereof. 
M. De la Lande has a curious paper, publiſhed among the Memaires of 
the Royal Academy of Sciences at Paris for the year 1758, in which he 
| calculates from the data here mentioned what effect each planet hath to 
cauſe a change in the places of the nodes of the orbits of every other 
planet. As my preſent ſubject requires no more, I ſhall only ſet down 
the reſult of ay calculations; which 1 Wt that the nenn of the ecliptic 


Saturn saturn , 378 

Jupiter will be lil | Jupiter 6,924 
wWiui:th the orbit of 5 Mars Fannually by they Mars o, og 
8 Venus attraction of ee 55147 
Mercury] | -Mercury 0,047 


5 the e memoire it is ſhewn that the obliquity of the ecliptic i is di- 
miniſhing at the rate of 47” in 100 years by this action of the planets 
diſturbing the plane of the ecliptic; and that the longitudes and latitudes 
of the ſtars are affected by it. Calculations to this effect were firſt pub- 
lſhed by Mr. Euler in the; Memoires of aun, of Sciences at. 
Berlin for the year 1754. 

1477 By Bradley's obfervations,”: it appears that the 3 preceſſion of _ 
the equinoxes is ſometimes a few ſeconds more, ſometimes leſs than the 
mean preceſſion of 50”: this variation is owing to the different attraction of 
the moon. The ſame-difference of the meons attraction which cauſes the 
nutation of the-axis of the earth, makes an equal variation in the ſituation 
of the terreſtrial equator, ſo as to alter the angle between the plane of that 
circle and the plane of the ecliptic; or change the obliquity of. the ecliptic. 
1478 The obliquity of the ecliptic may be changed two ways, one by 
the equator changing its ſituation as mentioned in the article immediately 
preceding; the other by a real change in the orbit of the-earth, cauſed by 

the attraction of the other Res; or by the near EO of comets. 
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1479 What WE called the ſyſtem of Ptolemy, has i its appellation 
ow that author, the oldeſt we have who has entered into the detail of it, 
ſo as to explain thereby the apparent motions of the ſun, moon and planets: 
this is ſuppoſed to have been the - oldeſt ſyſtem, and was received, by the 
ancient Greeks: ſome few, however, of the diſciples of Pythagoras held that, 
the earth was carried round the ſun as the planets are: againſt thoſe Ari/otle 
wrote, uſing ſeveral arguments to prove the earth to be at reſt, de c 
1. 2. c. 13 & 14. The authority of this philoſopher was thought to be of 
ſuch weight to eſtabliſh the old opinion, that it was generally approved till 
q cus wrote his revolutiones ar bium cæigſtium; which, after ſuppreſſing. 
his book for ſome years, in dread of the clamour he apprehended would be 
- raiſed againſt him, he was with difficulty prevailed upon to publiſh. - 
| - © 1480 In the Ptolemaie ſyſtem the earity is placed in the center of the 
univerſe: round the earth the heavenly bodies are ranged in the following 
. ._ order; neareſt to the earth, the orbit of the moon; next to that, the orbit of 
mercury; then farther off, that of venus; then, that of the ſun; then, thoſe 
of mars, jupiter, and ſaturn: beyond all theſe the heaven of the fixt ſtars. 
Some philoſophers thought each of the ſeven planets, among which they 
' reckoned the ſun and moon, were each of them fixed in a ſolid orb or 
ſphere, and round the outermoſt the fixt ſtars, placed in what they called 
the eighth ſphere. To explain how all appeared every 24 hours to go 
round us, they ſuppoſed a ninth ſphere, which they called the primum 
mobile, or the firſt moveable. To this they attributed a whirling motion 
from eaſt to weſt, impreſſed thereon by the firſt mover or Supreme Being; 
and that, this impreſſion communicated itfelf to all the orbits below it, 
and cauſed the apparent diurnal motion of the ſtars and planets: now, be- 
| cauſe they obſerved that the planets; while they were carried all one way 
by the primum mobile, had each of them a flow motion the contrary way, 
but with ſome obliquity, ſo as to go through the zodiac in different pe- 
'  riods; the moon in one month, mercury in about three months, venus in 
about ſeven months, the ſun in one year, mars in two years, jupiter in 
twelve years, ſaturn in thirty years: they aſſigned to each planet an in- 
telligence, which would turn its orb round in its proper period, while at 
the ſame time they were all ſubject to the general motion. This is il- 
luſtrated by a __ OP e wound, WO: a Bo Nr 1 25 it the 
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| 1 periodical times Wee e 710. 
reaſon why they placed their orbits in the order above deſcribed j for, ſince 


| they were certain from eclipſes, 'thar the moon whoſe period is much ſhorter , 
chan that of the fun, is alſo much nearer” to us; they formed a general 


concluſion that thoſe planers which perform their revolutions in the ſhorteſt | 


wherein each circle is marked with the character of the planet to which it 
belongs; the outermoſt circle is that of the primum mobile, next under this 
is the ſphere of the fixt ſtars: ſome place below the moon à ſphere of fire; 
en nennen e e 57 tm 
having a tendency to go to its proper place. 
1481 Some philoſophers imagined the planets to be carried in folid orb | 
which were ſo many ſpheres of chriſtal encloſed in each other, as the ſeveral 
coats of an onion are: —_— —— — ——— — 5 
fluid ether, a medium of very little of no reſiſtane. let 
1482 When the motions of the planets came e bs oblloyed wie iy 5 
| accuracy, the ſyſtem above mentioned could not account for their being 
accelerated or retarded, direct, retrograde, or ſtationary, their appearing © 
- larger or leſs, .. ͤ tirrigs Diſs ah RIIINNS" | 
| mers inyented.-2beorves as they called them. 2 5 
. 1483 Theſe theories were excentrics and epicycles: it was fancied that a circle 4 
bs the moſt perfect figure, and was therefore the moſt proper for the heavenly * 
bodies to move in. To account for ſome appearanices of the planers, they . 
ſuppoſed them to move in circles the centers whereof were different from 
the center of the earth; they added ang , 2 ſmall circle which had 
its. center fixed ypon the circumference called cireulus , 
deferens, barn, Songs thus, fig. 1 8 place or de ade 80 zi 
Her, whercon the cen ter of the epicycle is fed and © 

rd p the order af the ler your the free timp the " Foy 
ed at a the epicyclezgoes round therein according to the I... 
xx 7 che planet is going from d 10 a, viewed 
in here. whe heaven, a ſpectator at T, its motion will appear to 
te oh * 9 it i 1 e and Ar A 8 

f 
A 


anc ee ic is ſ wi in retrogra 


intent, becanßs neareſt to us at c, „ 
i , till ENG ſeems imaller and is bright, As 


| time are carried neareſt to the earth: this ſyſtem n D LY 
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FIG. As the times of being direct, ſtationary, retrograde, are of different lengths 


in different planers; this was accounted for by aſſigning different proportions 
between the epicycles and the carrying circles, as to the leatzn of their 
1238 and the velocity of their motions. 

In fig. 33, che carrying. circle 1 Mu is an excentric, che center of which i is 


: 5 Ty the center of the earth is o, the excentricity is GH: the broad white 


circle is taken of a breadth equal to A p the diameter of the epicycle: by 
ſuch a figure as this was explained. the variations in the diſtance of a 
Planet from the earth: for, when its place was A, its diſtance was the 
_ greateſt poſſible: when at L, irs diſtance from d was the leaſt that it ever 
could be. In other ſituations of the epicycle, and the planet moving 
therein, the diſtance thereof from the earth was intermediate, between the 
greateſt and the leaſt. This figure is taken from Clavius upon Sacro Bſco, 


p- 233, if any one thinks it worth while to ſee a farther explanation thereof. 


It puts me in mind of an expreſſion of Milton, who-ſpeaks uf ahe nn, 
eee hypotheſis, par. loft b. 8. v. 80 GGW. 
I uo“ fave appearances, how gird the ſphere | 
MES: -* Mea centric and excentrie ſcribbled TV: 

Thus much I think fafficieat to fay of the Piolemaie Gem; which is 
now ſo. univerfally' exploded, chat I ſhould have taken no notice of i it, if! 
had not promiſed to explain it in my propoſals. 

1484 The Egyptians, obſerving that venus never was at a greater diſtance 
from the ſun than 48 degrees, and mercury not more than 28 degrees; and 
_ that they were brighteſt when retrograde; held that theſe two inferior planets 
did not revglye round the earth as a center, but attended the ſun, and were 
carried round in epicycles placed upon his orbit: for the reſt they held the 
moſt ancient ſyſtem; which, with this correction s embraced by many 
of the ancients, as Cicero, Martianus Capella, & 6” This i is exhibited in 


32 the 32 figure. 


1485 Hebo Brabe, having Md Ne 82, 1 
438 Jon ro the ſui, judge? that planer to bearer e ge arch than th 


fun was; this could not be reconciled wich the ſyſtem of Prolemy. | Helo, 


though he diſcovered that comers are above the moon, did hot fitid that their 
apparent motion was affected by the annual motion of the earth; he had 
not opportunities of making a ſufficient number of obſervations for that pur- 
N R in the comet of e. 


1 2 * 7 38 : * * > % . , : . 23 
8 7 s 8 - 44 97 3 91 e 
2 J 7 92 . 
, . * + 1 0 
: . mY s 


= 
P 
ai on” r 8 a 


Io... ot, poi bey =, ty. SENS ES 1 


| atteibided to it- by Copernicus: from which, but chiefly-from miſtaken notions 
of ſome paſſages in ſcripture about the ſtability of the earth, he was induced 
to invent an hypotheſis different from the other two: there is a repreſentation | 


M wh dad hdd - 
. 


of it in the 30 figure; the earth is ſuppoſed to be at reſt in the center; in a 30 


ſmall circle near the earth the moon is ſuppoſed to be carried round accord- 
ing to the order of the figns in one month: at a greater diſtance from tlie 


: i carth is the orbit of the ſun, wherein that luminary goes round according 
to the order of the ſigns in twelve months; and, being in the center of them 


all, carries the orbits of the five planets along with him in his annual courſe, 
while each planet #7 oes round its own orbir, in its proper period: moreover, 
he ſuppoſed with Ptolemy, the diurnal motion of the fixt ſtars, and of the ſun, 
moon, and planets, to be owing to the impreſſion of the primum mobile. 
As to the immenſe rapidity of the motion of the ſtarry. heaven here 
ſuppoled, Hebo anſwered that objection, by aſſuming a much leſs diſtance 
of the ſtars from the earth than hath been demonſtrated, 8 888. His 


diſciple Longomontanus, a little mended the ſyſtem, by allowing the earths 
rotation round its own axis, OR emendations of the | tyſter are not 8 


worth confidering. 
the planets, among which they reckoned the ſun and moon, to be each of 


Pl 


them carried rqund by an intelligence or ſpirir, directing the inctich thereof: 
Kepler appears to have been of chis opinion, by what he writes in his book 


de Hella martis. This ſuppoſition ſeems to derogate from the wiſdom and 
power of the ſupreme Being, as if he who created thern all, were not whe 
to e his own vrorks. 


ſer ture being defigned for che general uſe of mankind to whom it is made 
known, the 2 writers did not intend to make men philoſophers, or 
mathematicians, but to inſtruct them in piety and virtue, and direct them 


. 5B <4 OO &@ oo 0 


2 


$ in the way that leads to hapineſs in a future life; and therefore, that they 


might be underſtood by all, they ſpeak of things as they appear to the vulgar: 


5 thus they ſpeak of the heaven and the earth as if they were turo principal 
d 


parts of the world, becauſt they ſeem ſo to be; though ma 
know the earth to be but @ point in compariſon to the ſtarry heaven: Thus 


1. the ſun and moon are called the two greater · lights; though it be knew 
by to aſtronomers that the moon is much leſs than any ef the ſtars. In like = 


manner, to the end e wall of no W 


ena. 8. ASTRONOMY _ "a 
Bebo fancied the earth too groſs a body to be capable of the motions 110. 


1486 Some aſtronomers, both rent and modi; imagined the lies of | 


1487 To the places in ſcripture which penn to afferr the Aabilie of the . 
rth, and attribute the diurnal motion to the ſun; the anſwer is, *rhat the 


Vritten u treatiſe, which he calls co/morbeares, ot  wiew of 


4 ù˙ r zn ASTRONOMY 20% 4. 


. A ie er abe can move, and therefore-it ſpeaks of the earth-as being at 


reſt, and of the ſun as being in motion, rifing.and ſettiag, becauſe choſe 
| bodies ſo appear to us: the fun appears to riſe and ſer, and the earth appears 
do be at reſt. The ſeripture, in order to be intelligible, condeſcends to ule the 


04 common langauge: where it is ſaid one generation paſſeth away but the earth 


abideth for ever; the meaning is, that the carth continues the ſame, notwich- 
pagan OREN eg gpg 
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3 r 
fubſer vient to the uſe of man, we may believe upon the authority of the ſa- 
cred writer, pſalm 8: but, that the ſtars and planets. were formed only to 

_  beſpangle the canopy . 
i F e 
at all probable: this is contrary to the obſervation made by the beſt phi- 

lolphers, that nature is magnificent in all her defigns, but frugal in the 


execution of them: it is commonly faid that nature does nothing in vain: 
now by. nature, in a ſound ſenſe, muſt be underflood the reſent order and 
diſpoſition of things, according to the will of the ſupreme | 
1489 The notion, of 4 plurality " worlds was mentioned and explained 
$ 625, with.an intention to reſume ſubje&, after the planers of our ſolar 
F That this doctrine was em- 

braced by ſeyeral of the ancient Greek philoſophers we are aſſured by Plutarch, 
| Stobeus, and Diogenes Laertius ; from 
eee among arme 
the world, worth 
peruſing, one thing bowever I muſt find fault with; that, in ling the 
. be jnfits wpon their hang ln all pein 
.- exactly iht eee 
 enduwments. of their minds; this is too confined a thought; for we cannot 
but acknowledge that infinite power and wiſdom: is able to form rational 
| beings af verious kinds, not ooly in ſhape and figure different from the human, 
but endewer alſq wich faculties and. lenſes uch as, i in our 
prafent Guta, wo. On have ns idea. of. Mr. Fontinelle in his pluralite des 
wonder, ani gevious. treatiſe, which, .as well as chat of Hugens, is tzanſ- 
lated ito. Eaglith, bandes this ufd in a very entertaining manner, in 
PF 3 
very 
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fools of Cares, which. was then, in France, the philoſophy a dene we 
muſt ſubſtiture Harry ſyſtems, v. F 625. 


war's. ASTRONOMY CY 
very good: philoſophical remarks: only inſtead of the tourbillons,-or aobirl- - 


what we have ſeen of the diftinoes of the planets from ho lüp, | 
{$ 917, it appears, that on venus the heat is more than double; and on 
mercury more than ten times as great as on Gur earth; enough to make dur 
ſeas and lakes more than boiling hot, ſo as to evaporare all into ſteam: on the 
other hand, if the diſtance only be conſidered, in jupiter, and much more 
in dere, the heat of the dun 1. fo. dintinithed, and de cold chere fo. 
intenſe, that all liquids muſt be hardened into ice, and an entire top muſt 
be put to all life and vegetation : but theſe objections will be of no force, 
if we conſider chat the ſoil of the ſeveral planets, may be ſuch, as to mode- 
. , pane nd am > | 
torhe-ſun. 4.,993 38 

- May no<the/globes of mercury ee contain u of Seen | 
which may cool their ſurfaces, and the air ſurrounding them, fo as to render 
them very convenient for the habitation of animals, and vegetation of plants? | 
We are told by  Fortizelle, that there are ſome places in China, which 
e er f e very Woh, r e YE NECES 14 
as to have their rivers frozen. en 3 ? 


"1588 


03 the other band, wey there not be in the globes of jupiter ind fattrn Ele: 


ſobrerranoons fires, - which may eompenſate their diftance from the fun, and þ 
make them ße for the abode of animak, and the of plants: 
1491 The ancients imagined the torrid zone of our earth, ies the rays. 
of the fob full perpendicular, was too hot to be habitable: vehiereas, k fo now 
known, that ſome of the feſt countries in the world ate fhuated therein; and. 
that the rainy ſeaſons cool the tir in places, where othetwiſe the heat world: - 
be inſupportable. In ſhort, we are ſure that if the allwiſe ſupreme Being 
hath placed animgls on the he has fitted the inhabitanes to the places, 
and the places to the 
1492 The ancients in che fiſt Place crmfidred the mach as Ile to be 
inhabited. Aſtronomers\now tell vs the moon has no atmoſphere, or ſo 
thin an air as not to be fit for reſpiration, Tee'$ ros, 1657. Fontinelle, 
imagined that, as due day there 18 equal in length to about chirty of ours y 
the ſynodicali month ble — Any days, § 9.58. during half of this 


period, a plate on the moon ts iſtyminaced by che fun; in the other half it 


receives no light from kim: dhe hear, vontiatüng fo fong as fifteen days 
without intermiſſion, would force the inhabitants, if any there, to retire: | 
no ſore of thoſs caverns, . | 


1493. 


a e -; -_ 


hg 1493 Some authors have expatiated upon the ſeveral: planets, and ſhewn 
1 us What kind of d and Jears their Inkabitanes neee be any 
- upon 

=_ "In mars eb day i nearly of the fame log as upon our eh, the yea 
Ho about two of our years. 

5 1 In jupice there is a perpetual equinox; the day is very near. five hour 
long; the rotation of jupiter being performed in nine hours fifty ſix minutes, 
941%. the darkneis of the nights is alleviated by the faint light of one, 
Pp to, or three, and ſometimes by all four of his moons; erer 

8 about twelve of ours. i Bruges 5ltt lis 

- ö "As io forum; the lenath-of the dey there. i8.noe . 

thirty of ours: his night, has not only. five moons. to diſpell total darkneſs; 

but his broad flat ring alſo illuminated by the ſun, which for fi fteen years, 
ſhews the bright fide to one half of the planet; and for the other fiſteen 

RT cone dark ſide to the age pans af. che planet, $ 113514, Gre. 
4 Prop 72 
. ©, "We, cannor tell wherher mercury has the diverfity of day and night, or 
= - not, but can only conjecture from analogy, it being probable he has a rota- 
> _ tion, like the reſt of the planets: his year is about three of our months. 

= - Venus has a moon attending her, & 948, 1367: as to her days and nights 

_ they are nearly the length of our own, according to Caſſini; though Biancbini 

makes them much longer, & 1181: her. year is about ſeven of our months: 

the poſition of her axis muſt make a very d ane in the alone 
N 5 1183. 5 
5 But theſe. ſpeculations. ſhould. not take up 106, much of qur time and 
5 though; the angel Raphael in Miſtan, book 8. a0 id 
: , RR ot in pu mono wy 9m Flog." 1 87 7 


3 Sollicit nor thy thoughts with matters bid: Wy 
Leave them to God above, him e 
Of other creatures, as him pleaſes beſt, 7 
Wypese zer place d, jet Bim diſpoſe: joy thou. 
3 in what he gives ro-thes. 151 
„„ —Be lowly wiſe: q * . 
IT Think only what concerns thee and thy bein; 
D̃team not of other worlds; What 3 ; 
21481; Raft h kay 1 78 5 7 ee ene Nit en 
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adv 1 luce che hiſtory of aſtronomy at the end of this work, becauſe in 
relating when, and by whom any diſcovery in that ſcience was made, it is 
ſuppoſed that the reader is before acquainted with the thing faid to has 
diſcovered: thus, when Anaximanier is ſaid to have been the firſt among 
che Greeks who determined the obliquity of the ecliptic, the WOE. of 
thoſe terms is ſuppoſed to be previouſly known. 

1495 The hiſtory of aſtronomy has been treated of by ſeveral authors, of 
theſe. a principal one is Job. Fred. Werdler, profeflor at Wirtemberg, 
who, in the year 1747 publiſhed a volume in 4 of 624 pages. In his pre- 
face he mentions Ricciolus, 'Voſſins, Gaſſendus, Caſſini, and Bullialdus, who 
had written before on the ſame ſubject; to which may be added Curtivs 
in his preface” to Tycho's obſervations. In the courſe of the work he takes 
notice of every perſon whom he had found in any author mentioned to have 
cultivated the ſcience, in whatever Part « of the world he lived, from the moſt 
remote antiquity to his o/ time: it is a learned work. 

Weidler divides his hock into 16 chapters: the 1ſt chapter i is Ao he 
fabulous hiſtory of aſtronomy; the tories of Oumnus, Atlas, Hercules, 
Prometheus, &c. chap. 2, the aſtronomy: of the patriarchs; e Serb, 
Enoch, Abrgham,; Mgſet, Jab: chap; 3, of the Chaldeans and Phenicians: 

4, of the ancient Egyptians: Chap. 5 of the Greeks before the found- 
ing 3% ſchool of Alexandria: chap; 6, from the Alexandrian ſchool-to the 


ane e . , Chriſt: —_— __— 
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| * . ASTRONOMY oor 5. 
| afffSngmny of che Aribidis: "chap. 5, of the Perſians and Tartars: chap. 10, 
3 the Moguls, Seele Chineſe, Americans: chap. 11, of 
dhe Jews: chap 12, of the middle ages; namely, 9, 10, 11, 12, 13, 14, 
centuries: chap, . the 15th century: chap. 14, the 16th esta: Chap. 
15, the 17th century: chap. 16, the 18th century. 
' 12496 The learned Mr. Coftard of Oxford, printed theee letters to Marti 
 Folkes Blq; one in 1746, the other two in 1748, concerning the riſe and 
of aſtronomy amongſt the ancients: in 1767, che fame author pub- 
liſhef the hiſtory of aſtronomy in a 4® of 368 pages: in the introduction are 
| of trigonometry ; in the body of the work he inſerts many 
relating to the uſe of the glabes: he brings the hiſtory down to his 
.- own time, and gives ſome account of Sir Iſaac Newton's 1 8 he treats 
alſo of the creation, and the general deluge. 
18497 R. Heathcote, A. B. of Jeſus College, cambridge, in 1747 publiſhed 
the hiſtory o of aſtronomy, f fall 8% in latin of 82 pages, an ingenious 
: he divides it into two parts; the firſt treats of the riſe and 
rogrcs of tht ſiece the cond, of the ancient methods of phil 
Phang, with a ſhort account of that of Sir Iſaac Newton. | 
1498 Ia 1754 Mr. 2. a member of the R. Academy at Montpellier, 
| Publiſhed three ſmall in 1299; wherein, I think, he is too ſevere in 
 blamingFedtr, for fancy ing he had compoled a complear hiſtory of aſtrono- 
my, by copying at length pallages out of authors who bad ſaid any thing 
about it, and accuſes him of want of j and of relating ridiculous 
ns eee eee eee 
his treatiſe, E _ apt omg tn in 3 3 but at the fame time 
| cat 1 bein too conciſe. He pretends 
| oy rom Pa ant ayer portions ry z work made upon a good 
plan; wherein, he {ays, we. ſhall have an. necpuar' af the. progreſh/ of the 
8 1499 That excellent aftrongmer M. De Ie Coille; in his Introduction to 
bis ephemerides des movements celefles, printed 1763, has given an hiſtory of 
- aſtronomy, written with candaur: he declares, that he does not propoſe to 
make an exact enumeration of all the new diſcoveries, or to give the exact 
dates of thaw, or to aſſign the true authors of them, or tven to metmion thoſe | 
| who have contributed to the perſecting what was befote invented, bur will 
ſet down only ſuch as are ĩnconteſtable: char be does ner eren write opinion, 
bus een has he ane already ich poſſhon ofthe public, 
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what an immenſe difference there is between the knowledge'of ancient times , 


| in aſtronomy and the diſcoveries made within theſe 30 years laſt paſt. 


1 50 M. De la Lande, well known. in the learned world for his aitronomi- | 
cal Iabours, printed in 1764 his-aftronomze in two large volumes in 4% an 
excellent perfotmance, conſiſting of 12 books, whereof the ſecond bock is en- 
tirely aan eie aden be carries it an an, 
of his writing. 

The firſt and laſt: of theſe authots made ſo diligent a ks into ancient 
0 modern books, that I ſhall ſeldom have ps e wy 
. eee er eee een ie were, | | 


\7i51 * ? Qg 2 f J 
2 A 0 4 8 1 "RX 


is. > * —_ 


_ — 
—_ 


_ ” 1 - * (2.4% * * 5 9 „ 
2801 C2 141 - *, 1 5 1 
* 


1501 Aſtronomy is a \ ſcience of great abjacity ſome of the firſt 3 
of it muſt have been known from the beginning of the world: the difference 
between day and night, the riſing and ſetting of the ſun, the different hight 
to which that luminary aſcends, in the ſame country on different days, the 
various degrees of heat he communicates, the changes in the face of the moon, 
and the returns of the fame; the great canopy of the heaven diverſified with 


a provigiens number of ſtars of different magnitude, che diurnal motion of 


the heavenly bodies, are ſtriking objects that muſt have drawn the attention 
and 2 the admiration: of all reaſonable beings, who could ſee and con- 
fider: ſome fingle ſtars, as firius, capella, aldebaran, and others of the firſt 

magnitude, ſome groupes of ſtars, as the'great bear, orion, the pleiades, '&c. 
are ſo remarkable, as to be'caſily diſtinguiſhed from the reſt. © Beſides the 


fixt ſtars, the planets, by their different brightneſs and colour, but eſpecially ß | 
by changing their Places among hy 7 0 den en babe been taken 


notice of. 
1502 Adam at bis firſt Saaten wis not left bevfitderea 10 * aftoniſh= 
ment he muſt have been ſeized wich, had he found no guide to inform him | 
how he came into a world ſo full of wonders: it appears from the ſacred 
hiſtory that he had frequent communications from the Divine Being: he is 
ſaid to have been made aſter the likeneſs and image of God; from this 
expreſſion, ſome have cotiehuded he was created with the powers of his mind 
in ſuch perfection, as to have had the knowledge of the nature of all viſible 
things, in a very high ene proof of this is, chat he was able to give 
names to the. creatures rought before him for that purpoſe; names ex- 
preſſive or their outward form, or — inward qualiries, as the learned 
10 | * 


— 


- .bzs AS TRON OMV doo 5. 
Bocha#t obſerves; 4 aninial.'8. S. Some of the ancient Rabbins are ſaid to 
have been of opinion that he knew the nature of the heavenly bodies, their 
influence and uſes: but, what knowledge he or his firſt deſcendants had of 

| theſe matters, we can only conjecture; the ſcripture is ſilent about it. 
1503 Whatever knowledge out firſt parents had of the heavenly bodies, this 
we may be aſſured of, they had in their ſtate of Innocence," enough to give 
them a grateful ſenſe of the beneficence of their creator, who had placed 
them in ſo happy a ſituation, and had adorned their habitation with ſuch 
magnificence. It is therefore with great propriety that our incomparable 
poet has repreſented them celebrating his praiſes, in a morning- hymn, 
part of which I ſhall here tranſcribe, in hopes it may put many of my 


readers in mind of thoſe ſentiments with which every man ought to look 


up to heaven; CO IT Ine ano: ego had 
. 


| cum ſeftant animantia cetera terram, 
Os bomini fublime dedit cælumque tueri 


+ i Vai. er erectus ad ſydera tollere vultus. 


Wpbereas the brutes alf prone look down 1 7 
To man an uptight countenance was given, that be 
Might raiſe his eyes to heaven, and view the ſtars. 


| The lytin' of Alert aud Bur from Miti's gradi lol, book 5. 


van.) Theſe are thy glorious works, parent of good, 
5 Almighty, thine this univerſal frame; is | 
Thus wond'rous fair; thy ſelf how wond'rous ont 
Ev 2. Unſpeakable: who rl above theſe heav ns 
To us inviſible, or dimly ſeen 
- In theſe thy loweſt works: yet theſe declare 
Thy goodneſt beyond thought, and power divine; | z 
Al | Speak ye who beſt can tell, ye ſons of light, =Rf - 
| Angels; for ye behold him, and with ſongs e 
And choral ſymphonies, day without night, 
Eircle his chrono rejoicing: nnen: 


On carth join all ye creatures to eto! 
| Him bin, him laſt, him midſt, and yithou en 
2 Ev. - Faireſt of ſtars; wa of gs,” 
| | | If beter thou belong not wo the dun, 4. Akte 0 22 
ö ur 
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Bure pledge of day, that crown ſt the ſmiling morn 
With thy bright circlet; praiſe him in thy ſphere 
While day ariſes, that ſweet hour of prime. 
Aba. Thou ſun, of this great world both eye and ſoul, 
e Acknowledge him thy greater, ſound his praiſe 
In chy eternal courſe; both when thou climb ſt, 
of And. when high noon baſt gain'd, and when thou fall ſt. 
Er p. Moon that now meet'ſt the orient ſun, now fly ſt, 
With the fix d ſtars, fix d in their orb that flies, 
„ five other wand ' ring fires that move 
In myſtic, dance not without ſong, reſound 
His Praiſe, who out of darkneſs 6 call d up light. 


1 have here given ſo much of che hymn as is aſtronomical, and kde 
aſſigned to Adam and Eve different parts of the ſame, in the manner done 
by the late ingenious Mr. Galliard, who ſet the whole to excellent muſick. 

In the verſes following theſe, our firſt parents call upon various parts of 
the creation, as the facred writer does | in the 248th Pſalm, to . them i in | 
the praiſes of their maker. | 

1504 Yoſephus in his firſt book of the antiquities of the Jews, * gives 
the following account ; that Seth and his' deſcendants were'p ns of happy 
tempers, and lived in peace, employing themſelves in the ſtud; 


and in other ſearches after uſeful knowledge: that, in order to preſerve the 5 


knowledge they had acquired, and to convey it to ity, having heard 
from Adam of the flood, and cb Gl Bed de Feli hy fire; 8 
made two pillars, the one of ſtone, the other of brick, and rd their 

knowledge upon them, ſuppoſing ond or the other of, them might remain 
for the uſe of poſterity: the ſtone pillar, ſays he, on which is inſcribed, | 
chat there was another. pillar of brick made alſo, is till remaining in the 
land of Seriad unto this day. But this account is now generally rejected. 

The learned .Shuckford thought it a ae of a pa in the 
Egyptian hiſtory, about ſome pillars faid to be! Inſcrihed dy che fi rſt Mercury, 
Weib. See his connet2. vol. l. pag, 4. = 

' Joſephus, and Phils alſo, anothe Reins writer, are ought. to be partial N 
to their oountrymen, attributing to them more {kill} in arts and ſciences than 
they really were maſters of: not ' confidering: the far greater Adraitages, they 
i in having the divine oracles committed to them. | 

1505 When the lives of men were eight or nine hundred years long, 

as * of the world, 19% C. 5 Pay man might obſerve ſaturn, 


the 


y of ale, Fo 
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the ſloweſt of the planets, go through more than twenty: of his periods: 
the antidiluvians therefore might ſome of them have been pretty good aſtro- 
nomers: and though, if they had any written . of aſtronomical 
obſervations, .or any other inſtructions in uſeful arts or ſciences, the far 
greateſt part of them muſt have periſhed in the general deluge; it is not 
probable that Noah a wiſe and good man, who was long before warned of 
that great cataſtrophe; would __—_ to ſecure nw of the moſt "valyablc 
of them with him in the ark. 


Noab, is by ſotne learned men fappoſed e en - 


5 project of building the tower of Babel; but, ſome time before the attempt to 
put it in execution, to have retired towards che eaſt, with his poſtdiluvian 
family; leaving Europe, Aſia, and Africa to be peopled by Sbem, Ham, and 
Japdbet; this, perhaps, will account for the Chineſe having ſo early cultivated 
8 the ſtudy, of aſtronomy, their being ſo well ſettled in-an admirable police, and 
continuing ſo many hundred years as they did in the worſhip of the true God, 
without any mixture of idolatry, till an execrable impoſtor introduced 
5 among them the. of the idol. Fo, the belief of a metemp/ychofs, or 
tranſmigration of human ſouls after death into the bodies of brute animals, 
with the ſuperſtitions of the Bonzes. Du Halde, vol. 1. p. 367 edit. Paris fol. 
150 There is in bg. 78, book 1, an otthographic projection of the earth, I 
copied it in 2 camera obſcura, from Senex's' great terreſtrial globe, the middle 
thereof is Chaldea, a country not far from the place where the ark is ſuppoſed 
d have reſted after the deluge; my intention in giving this print was to ſhew 
bow convenient this ſituation of che ark i the propling, from thence, 
Europe, Alia, and Africa. . 
s for America, we are not ſure che earth and ſeas have continued in the 
lame ſituation as they were at the firſt diſperſion of mankind recorded in 
 'genefis. c. 11. Great continents may have been ſeparated by earthquakes, 
large iſlands. way bave beg frog up in the ocean: an ancient tradi- 
399; of l fas by Plato a: large tracts of earth 
may bave been fo as to leave only the mountains viſible; 
A ſeems to be 5 Ne 455 ſome cluſters. of ſmall iſlands, as the 
Maldives, & and if no ſuch, change had happened, perſons going to ſea 
from the inhabited part of the earth, . 8 5 by a ſtorm be driven to America, 
Ot to ſome. illand in fight of ſome part of that large continent. 


roy Joſephus, I. I. c. 3. ſays God. indulged the antidiluviahs wich a long 


1 a 9H might bring 9 8 e 7 es 3-thar the 
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firſt of theſe could not be learned in leſs than Wen for that n 
he, is the grand year, by which! it is ſuppoſed he meant the period wherein 
the ſun and moon come again into the ſame ſituation as they were at the 
beginning thereof, with regard to the nodes and apogee of the moon, &c. 
this period, ſays Caſſini, * whereof we find no intimation in any monument 
© of any other nation, is the fineſt period that ever was invented; for it brings 
* out the ſolar year more exactly than chat of Hipparchus and Ptolemy; and 
© the lunar month within about one ſecond of what it is determined by mo- 
dern aſtronomers. If the antidiluvians had ſuch a period of 600 years, they 
- * muſt have known the motions of the ſun and moon more exactly than they 
* were known ſome ages after the flood. Origine ef progres d aſtronomie, fol. 
I cannot ſee how ſuch a period could be thought of, if the antidiluvians 73 
had not diſcovered. the ſame by long obſervation; if fo, we muſt reject the "2 ON 
opinion of Mr. V biſton and his friend Mr. Allen, given 8 1237, that defore FR : 
he flood the year conſiſted of only 360 days. A 
Pliny 1. 2. c. 12, ſays of Hipparchus, that he publiſhed an account of the 
motions of the ſun and moon for 600 years to come; this makes it proba- 
ble that induſtrious aſtronomer had the knowledge of the period in queſtion, 
and gave an account of eclipſes for 600 future years: this could not be done 
without tables, except they had ſomething equivalent, as the Indian numbers 
brought from Siam by Loubere, and explained by Dom. Caſini, in the regles 
Taftronomie Indienne calculer les mouvements 4. feel er de d lune | 
| expliqudes. v. Recueil Waen 4 Paris 1693. ien eln. | 


©. > ii 
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i508 If we look into heathen authors, their oldeſt writers are ache poets; 
: they, and ſome of their hiſtorians, mention Uranus as the moſt ancient aſtro- 
nomer; Uranus by Hefod, is ſaid to be the ſan, of Ge or the earth: may not  - 
: his be undead e e hiftory eee "formed 10up the --- 
: ground? © We may find many ſcraps of the hiſtory of the old teflament dif- - 
' guiſed in the fables of the ancients: win demonſtrat. and een, oY 

| origines fare. | 
The ftory of Atlas Gipponiiog the 3 is thought to . from Ys. | 
having invented a ſphere: that of his brother Prometheus ſaid to be chained 
- pon Caucaſus, and to have his liver preyed upon by a ravenous bird, might . 
de nothing more than a poetical image of an aſtronomer waſting his ſpirits, in 

ooſerring” the ſtars from chat mountain: to name no more, when thay; talk 


ASTRONOMY v 5. 
of an -amour: between the moon and Endymion, they mean only to expreſs 
the great afiduity wich — —— 


r 
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4 1509. The Greeks are the. maſt ancient writers of aſtronomy, now.extane; 
(they. do not ptetend to be the inventors of that ſcience, but gwn they received 
it from the Barbarians, as they called all thoſe who pere not inhabitants of 
Gteece or the iſlands under the Grecian government, Plato in Epinom, 
 Ariftaeles,de:carlo. . The ſtoty af the Rhodians carrying aſtrogomy into 
_ Egypt, related by Diadorus Siculxs, I. 1. p. 32: is. rejected by learned men. 
Izß 10 It was diſputed between the Egyptians and the Chaſdeans, which of 
them firſt cultivated that ſtudy: the Chaldeans pretended, that Bel carried 
aſtronomy into 0 ke Bel ſigniſies Lord, probably the leader of the Chal- 
ddeans from the diſperſion had that title: he was deified after his death, 2 
many of the inventors of uſeful arts were, and was called Tuprter Belus. 
Both Chaldeans, and Egyprians pretended to an extravagant antiquity: 
the Chaldeane vaunted their tempie of Belus, built by Semiramis; their 
_ :Zoroafter*, hom they eee. the 
Egyptians oppoſed to them their colleges of prieſts, who, Ge aſtronomy 
at Dioſpolis, Heliopolis, and Memphis, the famous monument of O/ymandy;, 
one of their kings; this Diodorus tells us was a golden circle (rather gilt! 
ſuppoſe) of 365 cubits round, one cubit chick. This circle the. Perſians arc 
aid to have carryed away when Cambyſes invaded Egypt. The upper face 
vas divided into 36 5 parts, in every cubit was written the day of the year 


| and the riſing beliacally of the ſeveral ſtars for the day, together with the 


from that riſing, according to their.aſtrology ; Iſuppoſe the 
meaning is as to the weather to which the ancients paid great, attention; 3s 
appears by their calendars, wherein, after mentioning the riſing of ſom 
7 Srincipel ſtars we find one in greek, or fignifcat. in latin; the meaning 
whereof is, that it portends ſome change of weather. v. Petau. uranol. 
When Hlexander took Babylon, Calliſtlenes enquired aſtet che obſerva- 
. 3 by the Chaldeans; the moſt ancient that could he faund were 
no more than. 0.1903 Fears ears before chat time: this. will carry chem very near 
to the time An Saph- Ly cs aiatco of 


language. 
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1511 We have nom nothing left of the Chaldean aſtronomy except ſome 
periods of years, which they had formed for the more ready computing 


of the motions of the heavenly bodies; yet, that they began to -make 


aſtronomical obſervations ſoon. after this period is, I think, highly pro- 
bable, if we conſider the extent to which they had carried the ſcience of 
aſtronomy, and the flow progreſs which they muſt have made in it, in 
thoſe early times, ſor want of proper inſtruments, and experience in ap- 
plying ſuch as they had. Vet notwithſtanding all theſe, diſadyantages f 
we inay believe Geminus, as quoted by Netauius in his Uranalggion, they 
had determined with — exactneſs the length both of a periodical 


and ſynodical month, making the former to conſiſt of 27 13 200, and 


the latter of 29 12 43/38“. They had, moreover, according to the ſame 
author, diſcovered that the motion of the moon was not uniform, 
* even attempted to aſſign thoſe, parts of her orbit where it was greateſt 
and leaſt. We are alſo. aſſured; by Ptolemy. (Synt. I. 4 e. a.) that they 


were not unacquainted with the motion of the moonꝭs nodes, or that of 
her apogee: they ſuppoſed that the former performed a complete rævalu - 


tion in 65854 — or 187 15j˙ $; which period, containing "22g; cm- 
plete lunations, is uſually called the Chaldean ſaros, And Ae as 
far as I can find, they did not attempt to aſſign the quantity of the laſt 
mentioned motion, and differ ſomewhat. in the former three from what 
later and more accurate obſervations ſhey ;; yet, when we conſider the 
numberleſs diſadvantages they laboured under, we have great reaſon to 
admire their aſſiduity and ſkill, and to lament that ſo very m A. yore 
tion of their labours hath been handed down to us. | 
I know it has been ſuppoſed, that none of theſe 1 Mere 5 
made with any tolerable degree of accuracy, and that much the greater 
part conſiſted only of the achronical, coſmical, and heliacal xiſings and 
ſettings of the fixed ſtars and planets: ſome of them, however, we are 
aſſured, were of more conſequence, and deſerved to have been preſerved 
with more care than they have been. Pralemy, from Hipparchus, gives us 
ſeveral obſervations of lunar eclipſes which had been made at Babylon, the 
oldeſt of them about 720 years before Cbriſt but we are not to coneludds 
from hence, that this induſtrious aſtronomer could meet with none of a2 
more early date: the chronology of the Chaldeans was very imperfect de- 
fore the ra of Nabonaſar, which began 740 years before Cui z. ĩt would 
1 have been very abſurd in Mpparchus to employ enlipſes which 
am obſerved before: that . ths 


moon, 


4 


. 
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| moon, — deere gern - vn. could not be aſcertained on this 


nn - gear! wot bothiol pil oils Ati, tete Wy Teh dren ti. 

We are — to underſtand by elk (ds cceto, : b. 2. 
co uk ;) that chere were amongſt them many obſervations of the occul- 
tations of fixed ſtars and planets by the moon: and from hende, by a 
very natural and eaſy inference, they were led to conclude, that eelipſes 
of the ſun were ckuſed by the interpoſition of the ſame. body; and the 
3 us" they were well aware, from their knowledge of the moon's 

motion, that this phenomenon always happened when ſhe was in the 
ſame part of the heavens in which the ſun then was. The tower of Belus, 
deſeribed by Heriabtus, as being ſurrounded with ſtairs on the outſide, 
— nag covered over, is thought a ligne been built for the 

'of making aſttronomical-obſervations. ©: 17h 9400, 124), 

"F$12 The'Chaldeatis had moreover a:conliderable ſhare. in forming the 
bed lan into conſtellations, as is allowed by every one, and indeed as 
ae from the names ef ſeveral; but eſpecially thoſe which are men- 

the deck of Job, and other parts of the holy ſcriptures. 
1313 Their ud, conſiſting of 223 hunations, us has been mentioned 
above, is an undeniable inſtance of their having made conſiderable ad- 
vances in the knowledge of the motions of the to luminaries. Geminus 
calls this period Sn, revolution: Ptolemy, I. 4. ©. 2. armor 
1 reſtitution, and attributes it to che af hen, tbe ancients; by which word 
he uns the ancient Chaldeans, or Babylonians, before the conqueſt of 
The mean ſolar year'of the Chaldeans, which reſults from this 
period, is 365 5 49 300 or 30“ longer than de Ja Hire and Dom. Caſſini 
made it, and 35 longer than Newton; but ſhorter by & 25” than Hip- 
d 8 275 ſeppoſed it to Be. See Holley Phil. Trunſact. for the { make 

| frontin."Chrolin. '  Flamfteed profit. bift.\caleftis. 

1514 2 rtroodeecng which have ſo much perplexed the aſtrono- 
der er Barr ge eſraped the notice of the Chaldeans; for we are told 
both by Drodoyus. Sicut, and Apollonius' Myndius in Seneca, that many of 
them held corets/46! be laſting bodies, which haye ſtated revolutions, as 
_ the planers have; bur i orbits vaſtiy more extenſive on wich account 
they ate ſeen only by us while they are near the earth; and diſappear by 
going into other regions, at too great a diſtance to bo viſible. He adds, 
that from a long ſeries of obſervations, they were able to predict the ap- 
penranee of theſe phenomena; but às they are alſo ſaid to have been — 
N. e the fame itiis-hig 

K N probable, 
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probable, that their knowledge in theſe. matters was rather tlie reſult of 
meer aſtrological predictions, than of any real aſtronomical theory of the 
celeſtial motions. Others of them, it is ſaid, were of opinion that comets 
are only meteors, raiſed up into the air, which. blaze for a time, until 
the matter of which they conſiſt is conſumed or diſperſed, and then r 
diſappear. dee 8 1292. F Neige {16 QUT 4.21.16 | 
-2315' What has hirkitto/ been fd of the Chaldeans is much to. their 
honour, as it ſhews the great proficiency. which they had made in the 
knowledge of the nature, and the motions of the heauenly bodies; but it 
is an eternal diſgrace to them, that they were fa) ſhamefully-bigotted to 
the vain and ſenſeleſs belief of, and fondneſs fur, judicial aſtrology, that 
a Chaldean became a common name for any one, who! made a profeſſion of 
W future events by obſerving the poſition of the ſtars and planets. 
1516 When I' had proceeded: thus far, a book fell into my hands in- 
titled biſtoire des mathematiques, by M. Montucla: of the R. Academy of 
Pruſſia, printed in two volumes, in 4 at Paris in 17583 the learned 
author, beſides an hiſtory of the riſe and progreſs of pure mathematics, 
takes in aſtronomy alſo, and has many judicious reflections upon it: he 
commends Mei dler s work in general, as a laborious and uſeful collection, 
but finds fault with the firſt chapters as a confuſed heap of things: he 
criticiſes Efe ſeverely enough, as he deſerves, for ſeveral. groſs miſtakes: 
he thinks the explications given 5 1508 of Atlas ſupporting the heavens, 
of Prometheus his puniſhment, of Enqymion s amour puerile; and, paſſing 
over the fabulous hiſtory, allows the Chaldeans or Babylonians and Egyp- 
tians to be the moſt ancient cultivators of aſtronomye eee 
r- Ariftotle andi Irr- 
151% An Arabian aſtronomer; Allutegnius de K fellarum, (6; 25. ) 
ſays the Chaldeans and Egyptians made the ſydereal year 365 6 17; the 
naming of the ſydereal year induces Montucla to think they had diſcovered 
the preceſſion of the equinotes. Herodorns. (I. 4.) tells us the Greeks 
learned of the Babylonians to divide the day ãnto 12 equal parts, and alſo 
the uſe of two ĩnſtruments, the pole; and the gnomion: what the latter is 
we know well enough; the pole was a moveable; inſtrument, for we find 
one fixed in the famous 1 deſcribed by tbeneus ( S &t 
ſeems to have been a ring- dial. A986 Wyn jul e eee 
was known among the Babylonians 250 years before they had 
any nous __ Mong the Genn Gier enn the ſun- dial of 25 
SLLW 25 | 1 4 P 2 4 115 2 
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the knowledge of which was owing to the-intercourſe which the Fews had 
with the Babylonians; it ſhould ſeem that the going back of the\ ſhadow 
was obſerved by the Babylonian aſtronomers; for we find the king of Ba- 
| * ſent an embaſſy to Hezekiah, to enquire about that miraculous ap- 

Aab ch. Xxxii. ver. 31. i Ribs v3 db pd to een ors 
-x518 The Egyptians appear to have been as early in their ſtudy of 
aſtronomy-as'the Chaldeans their country is flat, was peopled by Ham, 
or his ſon Maut it is called in ſeripture the land of Han; from Menes, 
or Miſar, it had alſo the name of Miami. That word in the dual num- 
ber may have been (uſed after its diviſion into upper and lower -Bgypr. 
They have to ſhew, in their pyrumidi, the moſt ancient. monuments in 
the world of their ſleill in practical aſtronomy; for theſe are all ſituated 
2 their ſeveral fronts face, very exactly, the: four cardinal points 
E. S. N. Wiias Mr. Charelles found them, in the year a boy _ 
Hau, . Ri Arad. . 1696, ef nem. R. Acad. 1710 
1519 —— Laertint (I. 2. ] tells us, they had in it — ac- 
counts of 37 erlipſes of the ſun, and 3a of the moon, prior to the 
time of Aae the great; this is near enough to the ordinary propor- 
tion between the number of eclipſes of the two luminaries, viſible in the 
Kine horizon; hut their eee years,” is manifeſtiy a 
vain fiction, calculated to. raiſe itz of their nation: for ſuch: a 
aumber of edipſes might fall out io leſs than 3 2:0r 14 hundred years. 
ga Serin, who lived in the reigu of the emperor Fuſtinian, ſays 
that de hach heard they had obſervatiens of the ſtars for 2000 years paſt; 
thut-is; if hee ckoned from his on time, about 1 500 years before 
Ghrif; what theſe obſervations were he daes mot relate: but it ſeems 
99 2 probable that they were not particularly enough related to: be uſe- 
ful. a Hpporcbus has made no uſe of them in ng the mean 
motions of therfun and mo. 
IT er Henedetiaffigns. their firit-knowledge, of geometry; and — 
nomy t Sent whom Sir: Jan Manſbum and Sir Jaac Newton, with 
other: learued chronologers; take ta he the ſame with Seſac, mentioned 
in the · fiſh book of kings; and therefore concludes; that their knowledge 
in theſa matters. out. not be carried higher than about 10e years be · 
fore the Chviſtian · ra. But with due ſubmiſſion; ti muſt:be obſerved that 
me Egyptian were famous: for their learning at leaſt go years before that 
e U c. rp Wunns _— the 
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wiſdom of the Egyptians. What that wiſdom tas, for which they were 
then ſo noted, does not indeed appear ene e = 
the ſcience of the ſtars is ſcarcely to be doubted; ' j 
1522 Diogenes Laertius, from Manetho, ſays that the Exyptlans believed 
the carth to be ſpherical, and that the moon was eclipſed by falling into 
the earth's ſhadow: the ſame author alſo. tells us, that they made their 
obſervations with peculiar exactneſs; and that they could predict the 
appearance of comets; but as he adds that they could likewiſe" foretel 
earthquakes, inundations, &c. it is to be preſumed that he knew but 
1 * that little eredit can e I wes ber - 
this reſpect. $.. 
' Macrebiua aſſures us, thi they had not ouly ee the magnitude | 
ef the earth, ut that of the ſun al(s: he is particular enough in point- 
ing out the m by which they did it; but it appears from thence; 
that they made an aſſumption which is not wy and which led them 
into a very erroneous concluſion. 92 ar onto 1 Jy 215 D106 v4 
1523 From the ſame author we learn, I" Go fyſtem of the world 
embraced by the ancient Egyptians, was, firſt ſaturn, then jupiter, within 
him mars, next the ſun with venus and mercury revolving round him amd 
afterwards the moon, all reyolving round the earth as a center“ This dit. 
covery of mercury and venus revolving round the ſun as à center woν]e de 
credit to the ſkill of the Egyptians in aſtronomy, could we be certainiiof 
the truth of it; but Macrobius ſpeaks of it in ſuch àa manner as renders it 
probable, that he did not underſtand what he was ſpeaking of, *Vitruvins- 
and Martianus Capella give a much more- intelligible account-of it, but 
make no mention of the Egyptians. | There are not; however, «wanting | 
many who ſay. that Pyrbagoras:(who was the-firſt- among the: Greels that 
taught that the morning and evening ſtar was the ſame planet, which 
ſometimes riſes: before the ſun in the morning, and at other times ſets - 
after him at night) learned this from the Egyptians: and ſome go even 
farther; and aſſert that he was beholden to them for his Whole ſyſtem. 
But it muſt be owned;: that the Egyptian manner of naminq the days f 
the week from the planets, according to the Pralemaic order, (J 12310 
diſcountenances this opinion; if this mode of naming them was not be- 
gun by the later. Egyptians; or rather the Greeks; amn x 


Td Dion Caſſius biff. I. 37. po Aa. edit. Stephi. Ne eee 
1524. The length of the year, both amongſt the Exypuittes und tack: 
— * conſiſted originally of 360 days, or 12 months of 30 days | 
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each: and from; hence, no doubt, firſt aroſe the method of dividing the 
ecliptic anto:12:{igns-of zo degrees each, and alſo carcles in general into 
360 degrees. But this length of the year was ſoon found to be too ſhort 
for the return of the ſeaſons; and on this account 5 days were added by 
the Egyptians to the end of the year, making it thereby to conſiſt of 365 
days, but continuing, nevertheleſs; the nominal length of the year, as it 
eee and accounting theſe five days no part of it. This was firſt 
done, as Syncellus informs us, about 1000 years after the flood, or 1348 
— before brill; but Sir ſaar Newton ſuppoſes it to have been done 
much later: and ät ſeems highly probable that this length of the year, fo 
corrected, was carried into, and was uſed throughout all Greece; and that 
it vas veceiveſl from them, in the ſame form by the Romans, and conti- 
nued in uſe until the time when Julius Cæſar reformed the. calendar, as 
appears from Mr. Allen's learned differtation on this ſubject; and Sir Iſaac 
Newton Himſelf ſeems to be of the ſame opinion. ; (Chronolog. p81. 

But beſides the year mentioned above, the Egyptians made uſe of ano- 
"ther, uſually called the; ſorbze year, from its beginning on the firſt day of 
dhe month Thoth, or that on which Syrius, uſually called the dog - ſtar, 
f diacally.': It is generally ſuppoſed, that about the time of the foun- 
| [diticn'of the:Bagptien rmapire;! the overflowing of the Nile was annually 
-apnounced:by the heliacal riſing of this tar; and chat it was Anakin rea- 
don they made their yar do begin at that time. 197] 
:. 1525; As to the golden cirele of Ofmandyas, Norden tells us, in his de- 
"fEriptions of the antiquities of Thebes in Egypr, p. 85. vol. i. and p. 46, 
Vol. 11; that he had diſcovered the place where it was ſituated, and that it 
' yas near the palace of Memmm: Montucla treats the whole hiſtory: of it as 
u fable: but I cannot agree with him in this; becauſe the like might have 
Dean ſaid of what we read in Hervdhrus concerning the pyramids, hey 
bad not been now to vouch for the truth of his relation. 
456 But how famous ſoever the old had been ur their {cl 
in aſtronomy, nothing remained of it in the time of Augufus; for when 
 Wrrabowas there, they ſhewed him indeed the large buildings where for- 
 merly the privfts lived, and ſtudied philoſophy, {aſtronomy} but he ſaw 
| -no perſon h preſided: over thoſe: affairs then; there were only ſuch as 
 ottentied-the'ſacrifices and explained to ſtrangers their religious rites and 
-- cererhionies; © They told him Plato and Eudoxus were 13 years in Egypt, 
T 
f Nabe SF 10 5 _ 1 I. 
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12% The Egyptians were as much beſotted in their fondneſs for jodi- 
cial aſtrology as the Ohaldeans: the aporel;ſmatu'of Manege, in Greck Nera. 
meters, written in the tinie of Palme, Pblkidelpus and publiſhied by 
Gronovius, are {till extant; as well as ſome treutiſes on that ſubject. writs 

ten by Nicepſus, an Egyptian king, and Pefofyrrs, a prieſt, whiclt are faid 

to be remaining im manuſcript in ſome libruries; it is pity they ſhould be 
diſturbed; let them remain in their daft: To ſay the truth, mankind 
have every where, and at all times; manifeſted ſo great a deſite of looks = 
ing into futurity, ae 1 purge: ee Ein l ch 4s ms 
r err emma 1 ö 
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. While we are ſpeakin of the claims which different adsense Hes 
me to an early knowledge in aftronomy,. the Chineſe ought not to be 
forgot, who boaſt themſelves to have cultivated that ſeience almoſt as 
early as the flood. I take no nofice of their vain and extravagant pre- 

tenſions, prior to that event: but it ſeems to be generally allowed mare 
their firſt emperor Fobi was nearly contemporary with Noah, and he is by- 
ſome ſappoſed-to have been the ſame perſon. | Tu, therefore) che 
in ſicceffion after him, might teach them aſtronomy'4{6/"early' 12 
2 300th year before the birth of riß, which they affirm" he did. The 
farther. aſſert, but improbably enough, that this taught them ito 
fix the length of the ſolar year at 365 days and 6 hours nearly; and that 
from lim they received the method of dividing the heavens into ab cm- 
en n e Ml, e r dene dae ans d Plants" in 
them. eib 15 £1 211 15970 
gag Yao begin his rigs; as ee be Chin dase g 
about the year before Chriſt 23 17. He is' farther ſud to have been the 
inventor of their civil year,, hich 4s luni- ſolar, and begins rum the in- 
ſtant of that new- moon which happens neaxeſt to the time hen the ſun 
enters the i gth degree of aquarius; (Du Halde, p. ga.) at 'which mea. 5 
feftival of tillage; as they call it, is ſolemnized; and they calb nat day the 
beginning of ſpring. It may not be improper to obſerve here that me 
Chineſe extends back 2455 years from the birth of Ghriſt to the 
beginning gif dae n which — wellenqugty wa — 


2 


iii fd d hd ces, 
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| according; to the Samaritan. and Septuagint texts, neh ems wich the 
Hebrew. Magalbaent extends it only to 2357 years before Chriſt. 
dome of the Jeſuit miſſionaries have met with traditional — 
| amongſt the Chineſe of their firſt emperor Fob; having taught them aſtro- 
nomyz:. but in what this aſtronomy conſiſted they have not been able to 
find: however, Kempfer. informs us (145) that he diſcovered the motions 
of ; the. heavens, divided time into years and months, and invented the 
twelve ſigns into which thei 6. is divided, viz, 1. The mouſe, , the 
ox, or cow, 3. the tyger, 4 che hare, 5. the dragon, 6. the ſerpent, 7. the 
1 9. the ane, 10. the cock, or hen. 11. the dog, 
12. 

1830 — e ec they ſay was 
invented by Hang Ti, one of their emperors, and grandſon to Fabi: they 
ſay likewiſe that he found out the pole-ſtar and the ſea-compaſs; alſo that 
in his time a ſphere was invented, but of what kind is not known. 
About 800 years before the birth of Chriſt, the ſtar a of draco was in 
the ſolſtitial colure, and therefore muſt have been about ten minutes 
from the pole, and might be thought the pole-ſtar, and ne by 
ſhepherds, ho are moſt likely to have been the obſervers. 
1531 Chun, who who ſucceeded. Tao 2277 years: before: the Chriſtian aum, 
ind a great quantity of gold and jewels in the palace, made a ſphere 

which, repreſented-the.ſeyen planets, and employed therein precious ſtones 
7 kerle 4 l. I ſuppoſe. the CR AW or 
vixtues.- 


'-3532-It-in obſeryed above that they divide the, rh 6 conſtel- 
ations; they aſſign four of / theſe . conſtellations; to each of the: ſeven 
planets, p that the year begins always with the ſame planet: they more 
oyer include in them all the ſtars which are in the heavens, as well 

n as thoſe which lie out of it. hk a 
pf theſe co according to Du Halle, n 
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Theſe anſwer not only to four complete” revolutions of che planets, 
alſo to the twenty-eight manſions of the moon uſed by the Arabian aſtro- 
nomers. Theſe conſtellations; we are further told, are not of equal 
magnitude; that is, do not extend through equal portions of the 2 ; 
but, taken all together, make up a complete revolution through it. 
fore I quit this ſubject, it may be proper to obſerve, that we'-meet with a 
ſome ſcattered imperfe& hints amongſt the writings of the miſſionaries-of 
a diviſion of the zodiac into 24 ſigns by the Chineſe: aſtronomers; but I 
can find nothing particular concerning it: perhaps it means no more than 
that they ſometimes reckoned by half ſigns. See ee $ 25 1 
P- 335. Du Halde, vol. ii. p. 30. 8vo edit. 

The Chineſe do not give to their conſtellations a fore correinding 


to the name, as the Greeks did: in in many inſtances it is not poſſible, as 


the greater part of the above recited names expreſs in the Chineſe lan- 
guage the dignities or employments of magiſtrates; though ſome are the 
names of rivers, mountains, provinces, or towns of China; and a few 


are the names of domeſtic furniture, or inſtruments of huſbandrye On 


the northern part of. the ſphere, they place the king, the queen, the heir 
apparent, the guards and courtiers; but theſe are repreſented by ſingle 
' ſtars, and not by collections of them: their conſtellations are formed by 
connecting the ſtars by ſtraight lines; and I retnomber that the old Lord 
Pembroke once ſhewed me a thin Chineſe book in 4, in which the con- 
ſtellations were formed by putting a ſmall circle for each ſtar, and tying 
them together by a ſhort ſtraight line. In this manner -_ b 
ere ee e ee 
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18905 Much has bien PASSES arty the aan 3 F the Chinesin pe 1 
Acting eclipſes, and of their early attention to the obſervation of theſe —=__ 


Du Healde; vol. iii. p. 80. aſſures us, that the circumſtances 5 


of no leſe than 36 eclipſes of the ſun are recorded by Confucius himſelf; == 


out of which there are but two that are falſe and two doubtful: he pro- 
bably means, which do not agree with modern tables. Confiicius Jived 
about 551 years before Chriſt. Magalha, hift. China. p. 6%. A mark 
Rn according to their accounts, in the firſt year of the | 
1 "my: _ 4Q : TS 55 RTF 
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emperor Tubong - Nang: and we are informed. that the two imperial aſtro- 
nomen E and Hp. were put to death, .. becauſe they had negleQed to 
| foretel it, which it was their duty to have done. This eclipſe has been 

brought to prove the truth of the ſun's ſtanding ſtil, as recorded in the 
1 6. A. v. 1a, 13. The Jeſuits make the firſt year of 
Te Kang correſpond. ta the year before Chriſt 2155, which is near 
600 yes before the time of Joſhua: and they tell us that the eclipſe hap- 
pened about-noow on the firſt day of the ninth moon, which alſo was the 
time of the autumnal equinox. The firſt day of the ninth Chineſe moon 
fell that year on the x1th of October, on which day the fun was moſt 
certainly eclipſed, and that confiderably, at ſome places under the parallel 
of Pekin in China; but it is as certain that, according to our tables, 
which; repreſent: other eclipſes that happened 2500) years ago exceeding 
well, no part of it could be viſible in China; the true conjunction, by 
the time at Pekin, being 57 minutes after one in the morning, and con- 
ſequently the eclipſe would be over before the ſun roſe: but ſays the in- 


© | gepious gentleman who made this remark, if we ſuppaſe the ſun and 


his time; that is, about 40 years 


mon 10 have ſtood ſtill for the ſpace of 32 hours, or a natural day, it 
would bring the time of their true conjunction to about two in the after - 
voon of the ſame day, and the eclipſe muſt then have happened agreeably 
enough to the Chineſe account of it. P. Gaubil aſſures us, that the rela- 
tion of this eclipſe, together with the circumſtances which attended it, is 
found in the Chineſe hiſtory called Chi- Nang: he adds, that the eclipſe 
which happened in the 776th, year before the Chriſtian æra is recorded in 
the text of the ſame hiſtory; from whence ſome may infer that the former 
is not in the text, and therefore may have been an interpolation. The 
ſame miſſionary affirms, that knew the true length of the ſolar year 
to be 365 days and a little leſs t ſix hours / at leaſt 2000 years before 
e birth of Chriſt. And P. 
Trigault, who went to China in 1619, and who read more than 100 vo- 
lues of their annals, ſays, It is certain that the Chineſe began to 
% « make. aſtronomical obſervations. ſoon after the deluge :_ that they have 
1 ohſerved a great number of eclipſes, in Which they have noted down. 
the hour, day, month and year when they happened, but neither. the 
25 © duration or quantity; and * e 188 A uſe of 1 in 
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1534 But out ef chis abundance it is much to be regtetted, thats: 
very few of their obſervations have been particularized; for, fide What 
has been mentioned above, we meet with no very ancient obſervations of 
the Chineſe, except a winter ſolſtice in the year before Chriſt 117 and 
a ſummer ſolſtiee in the year 882 befone Chriſt. | Martini indeed ſpeaks 
of a ſummer ſolſtice 2442 years before that ra; but M. Caſini, h cal. 
culated it, found that there muſt have been an error in it of 500 fears at 
leaſt: an error of equal magnitude appears to have been committed in the 
conjunction of the five planets, which it is pretended they obſerved be- 
tween the years 2513 and 2435 befare Chriſt. See Louberes ' account of 
Siam, p. 257. Engliſh edit. 1693, and Renaudet's Diſſert. on this" fubjet?,” 
p- 211. In ſhort, ſome have ſuppoſed that none of theſe are real gbſer=" 
vations, but the reſult of bungling calculations; and it has been Hinted, 
but ſurely on too flight a foundation, chat en even thoſe Je fathers _ 
ſelves were greatly to be ſuſpeRed. e bit Eee 
1535 But however extraordinary theſe citing 'of the Ohineſe to an early 
knowledge in aſtronomy may appear, that, which they put in for, the in- 
vention of the mariner's compaſs is not leſs ſo; for Du Halde aſſures us 
(p. 330.) that above 1077 years before Chriſt, on the departure of am- 
baſſadors who had come from Core [Cochin-China] the emperor” preſented 
them with an inſtrument which had been made by the prime miniſter 
Tabuu-Kong, one end of which always pointed towards the north, and the 
other towards the ſouth, that they might find their way home better than 
they had done from their own country to the court at Pekin. P. GaubiPs 
account is much more modeſt: he ſays, they were acquainted with the 
directive power of the loadſtone ſo early as the year of Chriſt 22 5: and 
that they were acquainted with the variation of the compaſs about 1101 
A. C. Yet the Abbe Renaudet gives ſome reaſons for ſuppoſing that they 
were not acquainted with either before they were introduced amongit 
em by Europeans. But let us come to things which are not conteſted. 


1536 P. Gaubil acquaints us, that at leaſt 120 years before Chriſt the * 


Chineſe had determined, by obſervation, the number and extent of their 
conſtellations, as they now ſtand; alſo the ſituation of the fixed ſtars with 
reſpect to the equinoctial and ſolſtitial points; as alſo the obliquity' of the 
ecliptic. He farther fays; that he eannot tell by what means it is that 
they foretel eclipſes; but this is certain, that the theory hy which they do 
predict them was ſettled about the ſame time; and that they were ac- 
att, as the ſolar year, the method A 
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raegidian altitudes of the fun by the ade of a gnamen, and of deduc- 
ing from thence his declination, and the height of the pole long before. 
We learn, moreover, from the ſame miſſionary, that there are yet re- 
maining amongſt them ſome treatiſes of aſtronomy, which were written 

in ie dynaſty of Han, or about 00 years before Chriſt; from which it 
at the Chineſe had known the daily motion of the ſun and 
r 


| fore chat time. 


1537 We learn n v. iii. p. 86. that in the province 106 
Ho-nan, and city Teng-fong,” which is nearly in the middle of China, there 


„„ eee eee it is ſaid, Tebeou-cung, the moſt 


I aſtronomer that China ever produced, made his obſervations. 


This erſon lived about 1200 years before Ptolemy, or more than 1000- 


years before Chriſt; He paſſed whole nights in obſerving the riſings, ſet- 
tings and-motions of the heavenly bodies, and in forming their conſtella- 


tions. He uſed a very large braſs table, placed perfectly horizontal, on 


which was fixed a long upright plate of the ſame metal, both of which 
were divided into degrees, &c. by which he marked the meridian alti- 
tudes; and fram thence derived the times: of the eu rere wrong were 
their principal epocha. Pow 

1538 The attention which the Chineſe ame Nor to ) theſe matters 
indnced them to erect a tribunal of aſtronomy, the buſineſs of which is 


40 keep a, meteorological journal, to predict the weather, as alſo droughts, 


famines, and other like circumſtances; the accounts of which they are-to 
SAeliver in to the emperor every 45 days. Beſides theſe matters, it is the 
buſineſs of this tribunal to calculate eclipſes of the ſun and moon, and to 
preſent to the emperor ſome months before they happen, types of the 


fame, with an account of the day and hour when, and of the part of the 
| _ knavens where they will happen; and how many digits the luminary will 
. - beeclpſed. Theſe particulars they are to give in for the chief city of 


every province, of which there are fifteen in ns; in order that Prepa- 
ration may be made for obſcrving them. Foy 5074 


_ 1529 This tribunal is different from that called by the Chineſe Li-pou, 
er the tribunal of rights, under which arts and ſciences, in general, and 


# the-diſciples of Fo in particular, are placed. This ſect, the peſt of China, 


and by which it, £4 now overrun, was introduced into that country about 
the year of Chrilt-64, according to Du Halde, v. i. p. 360. The empe- 
"Fs. _—_— ne by a dream, and. a maxim of Confucius, which oy 
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that the Hey One would be found ir We well, ſent enoys inte Mode ubs 


brought from thence Bonzes ¶ fortune- tellers] who taught the 'doftrine-of _ - 


metempſychoſis, which they had dane from the ene, about 1040 
years before. l FA: 
1540 The preſent low Mass oh Arenen in China hes ee 
to ſuſpect the truth of theſe accounts, which. are given of its 

early ſplendor; but perhaps too haſtily. Thoſe who have attended to the 
hiſtory of ancient times need not be reminded of the ſtrange and ſudden 


revolutions which have ariſen from very trivial circumſtances in the affairs 


of many nations beſide the Chineſe. Two things, principally, ſeem to- 
have been the cauſe of this very extraordinary deelenfion. In the firſt 


place their emperor in- chi- boang, about the middle of the thi 


agriculture and medicine; and in particular all books of obſervations, and 


precepts of aſtronomy were deſtroyed, except ſome few which had been 
. concealed, and which were carefully collected together after his death, 


and preſerved, rather as monuments of their former 4 in chat 
ſcience, than as materials, which might be uſeful to them in ing it; 


and which they ſeem totally to have deſpaired of doing We are no 
where told what it was that produced this gothic decree: Mer: C M 
thinks either that the aſtrologers had foretold fome event of conſequence 


which never came to paſs, or ſomething which had a tendency to diſturb- 

the ſtate; in either of which caſes he thinks Tjin-chi-hoang is to be juſti-- 
ſied. But not to dwell upon this, which is foreign to my preſent pux- 
poſe, we cannot be ſurprized that this unfortunate event, to call it nd. 


rage be 
fore Chriſt, ordered all their books to be burnt, except ſuch as related tos - - 


= 


worſe, caſt an entire damp on the purſuits of aſtronomy amongſt; this 


people, and that there were not, for a long time, amongſt them her 


{kilful aſtronomers, or books of aſtronomy; or even any known method 


of performing thoſe things for which they had once been ſo famous; 
that all which remained of their former labours were only confuſed: tradis . 
tions, catalogues of ſtars and conſtellations, and perhaps ſome feu flag 
ments of books rey 2 lin NG ee by: eto Yn 2 
Souciet. / 1 F 
Another bent which E think th 0 Grid th "OY 
dee of aſtronomy amongſt! the Chineſe was the introduction f 
bonzes ſoon after this general deſtruction of their ancigut learmiig: for; 
let authors diſguiſe it as they will, there is but too mu 
_ that the bn: motive * all the ancient nations,” for cul 
111 l tivating 
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tinutigg enemy, #as'the defis wg prying Into fatuvity; of which they 
con l it afforded them the means; and for which, after the introduc- 
tion of theſe fortune · tellers, they had no farther occafion. To theſe, a 


thiri reaſon may be added for this decline, or at leaſt why a greater pro- 
— —— made in ahoſe ſciences; which is, the great vene- 
Non 


and 


reſpelt that the Chineſe are taught to have for their anceſtors, 
r opinions, and which induces them to diſcourage every thing 
ther brings not; Wich it the ſanction and approbation of former ages. 
There can be no;doubt-but! that they were very early maſters of the firſt 
elements. of ſpeculatiye ſcience; but this cireumftance alone muſt have 
Preyented them from ever anriving at any very great degree of perfection. 


it ih indeed, by the Jeſuits, that learning is ſo much encouraged 
_ amobeft the Chineſe that no perſon can arrive at any of the great offices 


of ſtate without it: but in what does their learning conſiſt? It is princi- 


pally in the knowledge of their characters, by means of which all their 


other knovledge muſt be communicated; and this is a matter of no ſmall 
difficulty: they haue no letters to compoſe words, as other nations have; 
but one gharactet᷑ ſtands for a word, and ſometimes for a whole ſentence. 


Of theſe Maraſtem they have a prodigious number: a man is thought to 
dae arrived at an extraordinary degree of learning who knows 80, ooo of 
„„ een ee _— ee pus we er er 


morality. 


2 e e d which the Cnet 


Have was made in the year of Chriſt 1050. Tubi, who lived A. D. 284, 


A the firſt of their aſtronomers who mentions the proper motion of the 
fired ſtars, and che made it a degree in 50 years; nor was it until a cen- | 


tury after this time that they diſcovered bm emen to nn ny: arts peak 


before that time they thought it to be in the pole. 
—_ e ren eee Sen of bins 1 
pan, &. and that of Egypt, in worſhipping animals: their neighbours 


1 the ſun, and the fire, becauſe it reſembles him. Hi. 
. 37. It is eee originally worſhipped the ſun and 


ie he Srifiament 18 parts of the creation, which moſt 


Ane the ſrnſes, atid are moſt apt td fill the mind with admiration : 


„ Hercareyetamongſtthemifome remains of the Chaldean worſhip of the 
; | = 5; Pak. Sewer I e * 


it probable that in the year before Chriſt 


religion of the Egyptians was ſubverted by Cam- 
er, the pr, dei hom thence, wied with den me the cal 
. 
; 7 * e 3 % - l 
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dame af the Egyptiap ſuperſtitions. Gd. 1 -38. plrhay "ike of. r 
ſazences alles. 2077 G3 OV is. 5 MAE Nan 1 65 neee Nn, n 3 al 
1543 We are told by M. de ts Louhereeinbatiador from the French 
king to the king of Siam in the year 1687, that the Siameſe had, c@tain 
aftronomical rules, by which (without any kind of tables) they com 
the motions. of the ſun and moon,. by divers periods of years and onths, 
and by the addition, ſubtraction; multiplication and diviſion off certain 
numbers correſponding to cheſe periods. The form of their year is lu 
ſolar, and they ſeem to have received this, with other arts and ſciences; 
from the Chineſe; although they are not deſcended from tem. Thi Ja- 
paneſe divide the natural day into 12 hours from ſunriſe to ſunſet fix; 
S their 22 ſigns are che fame iche dg of 
the Chineſe. rl 12448 eto Art eee . 8 
1544 The ſphere ofithe Indians; akcontadly; to dhe Je is very dif. 
ferent from any other, and confiſts of the moſt ſimple figures, ſuch as a 
elephant's head and trunk, the goad they prick him forward with; an 
umbrella, a fiſhing net, a trumpet, &c. The Indians divide the — 
into twenty-ſeven conſtellations, and each conſtellation into Kae 
each part being N ohe. 
er ud Sauciet. tom. 1. eee ee, TH 
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mtiertth nl Fee Thy: amen enen es 5 
93 . | 62.4.2 SNL ONT 8 
1 1305 We ot, not expel; to find any thing, relative to aſtronomy, 


amongſt the, Greeks, of like antiquity with what has been related of the 


Chaldeans and Egyptians; but the lively imagination: of that people; in 
order to make a figure, prompted them to convert almoſt all their 2 $ 


men into aſtronomere: accordingly we find. that tliere was fearcely a hero 
amongſt them who is not dignified with a place amongit the fürs. "Nix. 


Tfaac Newton refers moſt of. the eonſtellations ia the tie of th por a 


expedition; but it is certain that ſome; of. ther. were formed in 
earlier . according to Abolledar uu, Cepheus:' was an Rrbiopiat 
Caſſiopei a 


a 


Phryxus and” Halle, and 
A * A u. e 


—— 


* 


* 


queen, Andromeua thein daughter, and Nyrſeus their ws 
law. The ram and the bull were, probably, conſidered under thoſe ap- 
pellations long before: the Greeks- applied . 2 {| . 


|  jcalous of their knowledge, and 
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2 of " In ſhort, it is highly probable that ſhepherds and others, 
employed in rural occupations, firſt gave names to ſome of the more re- 
markable ſtars, or groups of ſtars; and that che poets afterwards invented 
fables to (uit them, which Chiron might adopt when he formed the ſphere 
of the -Greeks.'* But whether Chinon firſt) placed on the ſphere the conſtel- 
lagior found thereon or not, it is certain that other nations had 
Fs different from theſe; for the Egyptian, the Perſian, and the 
Indian ſpheres: were none of them the ſame with the S an now 
adopted by us. See Scalig. in Manil. p. 371. et 428. —— 
Had and Hamer, the moſt ancient writers — the Greeks, prey 
| who, according to Sir Iaac. Neuron, lived about 870 years before Chriſt*; 
both mention ſeveral af the conſtellations. :-Hefod, in particular, directs 
the farmer to regulate the time of ſowing and harveſt by tho riſing and 
ſetting of the pleiades; and tells us that :ar#urus roſe; in his time, as the 
ſun ſet - 60 days after the winter ſolſtice. Humer informs us that the 
Pleiades, orion, and arcturus were uſed in navigation. Theſe conſtellations 
are generally thought, by learned men, to be the ſame with thoſe men. 
+ tioned in the ancient book of Jeb by the names aiſb, chefl, and cbimab; 
and as they are ſome of the moſt remarkable collections of ſtars in the 
heavens, we may conclude, with eee that they nn 
firſt taken notice of. 

1546 Thales, the Milan, was one of the moſt ancient, as well as the 
_ moſt celebrated aſtronomers of Greece; and is ſuppoſed to have been the 
firſt who travelled into Egypt in ſearch of knowledge, and who brought 
from thence: the firſt principles of that ſcience, in which the Greeks after- 
wards made ſuch ſurpriſing advances, The Egyptian prieſts were very 
y careful to conceal it from the 
vwulgar: Thales muſt therefore, — have been ſtrongly recom- 
mended to them, before they would admit him, a ſtranger, to a partici- 
| pation of that knowledge: er ſo een even from 
ane on countrymen: - 44 + 
Me are told by Diogenes, Laert that he: determined the height or the 
Ai. when in Egan, by. meaſuring: the lengths of their ſhadows 
9 the ſun was 45 degrete high, and When, of courſe; the word 'of 
1 ien ene ene to r eee 


ost- ö. S. TR M Y „ 


olympiad, or 613 years before the. Chriſtian æra. That the conjecture of 
Sir Jace, concerning the time when Tales lived, is neaily right, maybe 
gathered from the time of that famous eclipſe, predicted by him, which 
happened juſt as the two armies under Alyattes, king of Lydia; and . 


1547 The rev. Mr. Ceſtard and Dr. Stukely (Philo Tranſoft. vol; 48. 
fas. -1753s) both conclude! that this eclipſe fell out in the fourth year f 
the 43d olympiad, or in the year before Chriſt 603, and 3 the 
latter of theſe gentlemen, on the 18th-of May O. S. He ſuppoſed that . 
the battle was fought. near the city, no called Erzerumy! over Which the 


Altecording to zit Jae ruten, Thats began to feuddh abu, the m 


axares, the Mede, were cogngedscamd being eegarded: by cach party; a = 
evil omen, inclined both ta maler peace ’‚y;; bf boy ay aur 98 


ſhadow. paſſed at half an hour after eleven o'clock. in She men and : 


the eclipſe was total there about 4 minute. 41 
The means by which Thales was enabled to eie ies il is not 
yet agreed on by polemical writers, to whom the determination of this 
point has given much trouble: but perhaps the reader will not think it 
any very difficult buſigeſe, if he attends to what we have ſaid concerning 
the knowledge, which the ancient Chaldeans and Egyptians had of the ce. 
leſtial bodies, and the periods which they had framed of their revolutions 


and motions; all which Thales, no doubt, had learned of the latter, during "I 


his. long ſtay amongſt them; and. eſpecially; if he conſiders further that 


this prediction of Tbales probably amounted to no more than that of O. 


allaſtrious countryman Dr. . Halley, concerning the late comet; via. that it 
would happen in ſuch a year, without confining it farther either to time 
or place, and which muſt have been matter . ee eee the 
people of thaſe time. _ 
1548 Thales, according to Callimachus, coma the e of; wk 
leſſer bear; or, at leaſt, introduced the knowledge of it into Greece He 
is moreover ſaid, by Diogenes Laertius, to have been the firſt who taught, 


in that country, that the true length of the ſolar year was 365 dass. 


Pim tells us that he determined the coſmical ſetting of the pleiades to 


have been 25 days after the autumnal. equinox in his time. Plutangh - 


aſſures us that he firſt dixided the earth into ſive zones by the polar 
circles, and tropics; that he firſt ſpake of the obliquity; of the ecliptie, 
and ſhewed. that the equinoctial is cut at right angles by the meridians, 


* 


4 * 


9 OO 7 


ugh. e be ee an in, ee 1 3 
| . ee, 
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that be held che ſun's diameter to be one 720th - part of his annual orbit; 
which, if true, is a degree of preciſion, much to be admired in the rude 
knowledge of theſe early times. He is, moreover, ſaid by ſome to have 
obſerved the exact time of the ſolſtices, and from thence to have deduced 
the true length of the ſolar year; to have obſerved eelipſes of the ſun and 
moon; and to have taught that the moon r no ight of her on, _ 
| that ſhe borrowed it from the ſun. 1 e 
1540 Theſe things ſhould, — be en wit caution :- thiere 
Ke ſows reaſons which might be aſſigned for ſuppoſing that the know- 
jedge of Ibales, in theſe matters, was more circumſcribed; and indeed it 
is not unreaſonable to ſuppoſe that that veneration for the ancients, which | 
leads authors to write profeſſedly on the hiſtory of ancient times, 
have idduced them to aſcribe _ 48 vn oye: to thoſe who __ 
in them as was really their due. een 
155 Thates died, according ts e Laertius, in the firſt fees of 
his fifty-eightholympiad, or 549 years before the birth of Chriſt: - He 
was the founder of the Tonic ſchool, and his diſciples and followers; Anax- 
 Imander;" Hnaxaments, and Anaxagores, who: ſucceeded him, all made ſome 
farther advances in aſtronomy. D arias ent idm abs 
per Anaximander, in Particular; is aid to have ante; or ne 
d uced the uſe of the gnomon into Greece, to have obſerved the obliquity 
of the ecliptic; and taught that the earth was the center of the univerſe; 
that it was ſpherical, and that the ſun was not leſs than it. He is, more- 
over, ſaid to have made the firſt globe; and, by ſome, to have ſet up a 
fun- dial at Lutedemon, which is the firſt we hear of amongſt the Greeks: 
the knowledge of which, together with that of the pole and gnomon, 
ſome think was brought from Babylon by Pherecydes,” who was contempo-— 
rary with him; and who, about the ſame time, according to Drogenes 
Lubbrtius, et one up ut the illand of Sys, one of the Cyclades.” This 
 Pherecydes, together with Thales, and many others of the ancient philoſo- 
phers; held that water is the firſt principle of all natural bodies: as this 
doctrine cannot have been derived from any very obvious principles, ſome 
are of opinion that it was traditional, and has ſome relation to the earth's 
having ereated originally in a fluid ſtate. Araximandrr died in the 
Seon year of the'g8th-olyinpiad, or the 545th year before Chriſt, | , 
Fn b 2 Was the third in ſueceſſion from Thalrs in the Tonic 
ſchool,” File ig ad t0 have prediQted. the el of the ſun, ; which, r. 
cording 
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cording: to Thucydides, happened in the firſt year of the Peloponneſian war; 
and to have taught that + ys was Wente as mn pins Ale. 
and waters, as our earth hass. euclolo- 


1553 Contemporary with 3 was e. dhe —— lathe {4 A 


gave new light, not only to aſtronomy and the mathematics, but to every 
branch of. philoſophy whatſoever. He was inſtructed in the Greek lear 


ing in his youth, and afterwards travelled into Phœnicia and 12 wt 


ing recommended to king Amafis: by Polycrates; governor of Samos, and 
by that means admitted to familiar converſation with the prieſts, and for 
many years to a participation of the Egyptian learning. Some ſay he Was 
taken captive there by Cambyſes, and by that means became acquainted 
with all the divine myſteries: of the Perſian Magis being taught chiefly b 
Zeroafter himſelf; and that having afterwards recovered his liberty, ho ſet 1 
a. a ſchool at Crotona, and nates the head of the Italian ſect. 

Pyrbagorat taught that the univerſe was compoſed of four elements; 


abatzit need ticked; aindeliod-theifen-in-dho ade e e ſyſtem, > 


That the earth was round alſo like a globe, had antipodes; and that the 
moon was enlightened by the rays of the ſun. He held, moreover, that 
the ſtars were worlds, containing earth, air, and ether; that the moon 

was inhabited like our earth; and that the comets were a kind of 'wan- 
dering ſtars, which diſappeared as they aſcended towards the ſuperior 
parts of their circuit, but appeared again at their return, after long in- 
tervals of time. He aſcribed the brightneſs of the milky way to the effect 
of a great number of ſmall ſtars, which are ſituated in that part af the 

heavens; and he ſuppoſed the diſtances of the moon and planets from, the 
earth to be in certain harmonic proportions to one another. He is far- -. 
ther ſaid to have exhibited the oblique courſe of the ſun in the ecliptic, 
and the paſition of the tropical circles by means of an artificial ſphere. 


It was he alſo who firſt taught that the planet venus is both the evening 


and the morning ſtar, which ſometimes riſes before, and at others ſets 
after the ſun; as we learn from Pliny, Nat. Hiſt. b. i. o. 8. where he 
writes thus, Below the ſun there is a beautiful ſtar, called venus, Who 
performs her period, wandering ſometimes this way, and ſometimes that: 

while ſhe precedes the morning, and riſes before the ſun, ſhe takes the 
name of lucifer; on the other hand, when ſhe ſhines in the weſt, pro- 
longing, as it were, the daylight, ſne is called veſper. Theſe particulars 


relating: to prog 2 out eee, Samos, anut che 2 
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we have from the Chineſe. Maron is alſo ſuid to have compoſed a 


* 


I geometry, 
have cultivated the abſtract branches, -arithmetic and geometry with great 
as probably ineſtimable; knew neither howto make uſe of it himſelf, or 


—_ 
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* rg gt hadud of Crotona, is the. next aſtronomer of note that we meet 
with: he flouriſhed about 440 years before Chriſt, and was one of the 


moſt celebrated of the Pythagorean ſeft. He ſhewed that the earth moved 


in an orbit round the ſun, according to the order of the ſigns; and ſoon 
afterwards we find 2 ren {TURE aſſerting its Nn motion 
wund its own axis. SHE StSOmamoorter ranioo andy dortriti 

155 Niuem about the duns e with Hicetas: lived: Metowand Euftemon, 
at Athens; according to Ptolemy,” they obſerved the ſuramer ſolſtice in the 
year when”; was archon; which was before Chriſt 432 years; and 
is the oldeſt obſervation of this kind that is come down to us, except what 


© | cycle of 19 years, which goes by his name: it contains 6940 days, and 
has in it ſeyen intercalary months; and he added to this cycle the motions 
and ſignifications of the ſtars” Diodor. Vitruvius ſays he marked the riſ- 


ings and ſettings of the ſtars, and what ſeaſons! they pointed out: and in 


all theſe matters Euctemon was er ee aſſiſted him, as wie 
learn from Geminus and Pliny. + N 8: #41 ei Moo eee on» thy, 
1556 Aſtronomy owes but kttle to the philoſope of the academic ſect, 
and yet leſs to the peripatetics. Plato, the founder of the former, is ſaid 
by Theon, of Smyrna, to have been the inventor of epicycles; but let this 
be as it may, it is very certain he embraced that ſyſtem, which is now 
uſually aſeribed to Prolemy; and 4rifotle; the founder of the latter ſect, 
impflicitiy followed him in that reſpect. In other matters; relating to 
aſtronomy, they contented: themſelves wirh teaching what they had re- 
eeived from thoſe who went before them. Plato was, ' nevertheleſs, a 
Vent ee, e of the mathematical ſciences, which he divided into 
ſtereometry, muſic and aſtronomy; and is ſaid to 


aſſicluity. 4-5ffodle, poſſeſſed of a treaſure in practical aſtronomy, which 


o much of its value as to: ĩnduce him to uſe the neceſſary means for its 
preſervation to thoſe who. might; He much is it to be lamented that 
did not r hands of 258. 0,19 fu 


Eudbmus, Altenhof hi!! 262.0204: 

156% Eudarus — comis aiſcholar;iof Plato; eee 
as hath been- faid -abpve, cntemporary with Ari ſorle, though conſider- 
* he is called the prince: of aſtronomers by Ciceru, de diuinat. 
ü. 2 0 W ſome e reaſon, for he.was OY. the. firſt who . 


LY 
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plied/ geometry to the heavens, He flouriſhed, according to aa ; 


Obferv. in vit. Eudoxs,” p. 392. about 360 years before the birth of Chriſt. _ 
In the we of his life he travelled into Egypt, being recommended 


to Nectanebo, kin 5 of Egypt, by Agt/ilaus, and by him to the prieſts, with 


vrhom he for a conſiderable time, and learned from them many 
things relating to aſtronomy. After he returned from Egypt he taught 
aſtronomy in Aſia, in Italy, and other parts; and had many ſcholars. 
He particularly inſiſted on the neceſſity of making aſtronomical obſerva- 
tions; and taught the manner of doing it. He corrected the Grecian 
year, according to the precepts which he had received from the Egyptian 


prieſts, adding, as Pliny informs us, ſix hours to the ſolar year of 368 | 


days. According to Seneca he firſt brought the motions of the five planets; | 
(that is, the hypotheſis of their motions) out of Egypt into Greece. 


Archimedes-tells us that Eiudexus believed the ſun's diameter to be nine 
times as much as the moon's. Hipparcbhus, in his books upon Arat us, 
often quotes Eudoxus with great praiſe: for his knowledge in, and great; _. 


attention.to-aſtronomy. Kitruvius aſcribes to him the invention-of-draw=- 
ing a ſun-· dial upon a plane; from whence it may be inferred that he was 


tolerably well acquainted with the doctrine of the ſphere, and the method 3 


of projecting its circles on a plane, which cannot be done without a con- 
fiderable knowledge in geometry; and, indeed, there are many who think: - 
that the ;reater part of what now bears the name of Euclids elements of 
geometry are his. But notwithſtanding what has been ſaid by many 


authors, concerning the obſervations of Eudoxus,” ſome have queſtioned 


whether his ſphere was not taken from one more ancient, as that of 
Chiron, the centaur; becauſe, if the places of the ſtars. had been taken 
from obſervations made by himſelf, all the conſtellations would have been 


farther advanced by half a ſign than they are deſcribed to be in his writ- 


- ings. He is ſaid to have been a great enemy to judicial aſtrology. | 
1558 About the year 340 before Chriſt flouriſhed Calippus, of ee 
a city of the leſſer Aſia: his ſyſtem of the celeſtial ſphere is mentioned by 
Ariftetle in his metaphyſics;. but he is more remarkable on account of the 

period of 76. years, which he is ſaid to have invented, and which goes 
under his name, containing four corrected metonic periods, and n. 
band its beginning at the ſummer ſolſtice in the year 330 before Chriſt. 


1559 About this time, or rather earlier, the Greeks began; ter plant : 55 
r in Italy, at Marſeilles, and in Egypt; by which means they be- 


dame 9 with the 3 ſyſtem, and ther notions of the an- 


- cient: „ 
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cient Druids. concerning aſtronomy. That the Druids were learned i in 
the motions of the ſtars is aſſerted by Julius Ceſar, who was firſt ac- 
quainted with them: the ſame author, Comment. 1. i. ſays that the Gauls, 
in general, were able ſailors; which, at that time, they could not be 
eſteemed without a competent knowledge in aſtronomy: we are farther. 
confirmed in this opinion by what Cleomedes, I. ic c. . relates of Pytheas, 
who lived at Marſeilles about the time of Alexander the great, and ob- 
ſerved the altitude of the ſun there at the ſummer ſolſtice (5 41.) by 
means of a gnomon. Pytbeas is alſo ſaid * e to e TOR as 
far as Thule to ſettle the climates. 

41560 From what has been related in the preceding chapters, it Fully: 
appears that the Greeks can have no pretenſions to the invention of aſtro- 
nomy. The ſtory of the Rhodians carrying that ſcience into Egypt, as 
mentioned by Droderus, is ſo blended with fables as to deſtroy its own 
_ credibility: the Rhodians were indeed ſuperior to the reſt of the Greeks in 

the art of navigation; but at that time navigation had little concern with 

_ aſtronomy. + The period of 18 years, mentioned 5 1511, was undoubt- 
_. edly Chaldean; neither the Egyptians or Greeks having any common uſe 

of it; or indeed of the period of 19 years attributed to Meton,” or that of 
76 years made uſe of by the firſt aſtronomers; and it is highly probable 
they were firſt brought into Greece from Chaldea by Beroſizs. The radix 
of Ptolemy's calculation is manifeſtly a Chaldean epocha, the beginning of 
the reign of Nabonaſſar; and plainly from Beroſus.”' It was fixed to the 
_ 26th day of February of an Egyptian year, 745 years before Chriſt, at 
noon in Babylon; where Nabonaſſar eſtabliſhed a new kingdom, that 
_ country being, before his time, governed by a lord from Nineveh. The 
Chaldean religion made it neceſſary for prieſts to be aſtronomers, for they 


| - thought the ſtars baths throes! os: thoſivinities, rirtho governed the 


| word under the direction of Bel, the ſupreme lord. . 
_ |= Moreover moſt of the Greek writers, and Plato pate dete 
ths firſt: knowledge of aſtronomy to the Egyptians and Chaldeans, under 
which laſt name the Jews were generally comprehended. It is probable 
the Patriarchs received the knowledge of what was ſufficient for the uſe 
of agriculture, and for diſtinguiſhing ſeaſons by tradition from their firſt 
parents. It is ſaid, Geneſis i. that · God made the ſtars for ſigns and for 
ſeaſons, and for days and years,” Years and months were therefore 


5 Enon before the deluge. In ſhort, wherever there were men, there 


Laer have been fo auch Lnowlodge as to obſerve. the different ſeaſons of 
the 
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the year. They muſt have been ſenſible that the fruits of the earth were 
not to be gathered at all times of the year; ſpring produces only e 
flower, ſummer forms the fruit, and autumn brings it to maturity, and 
jen are fit to be. gathered. In the winter vegetables lie quiet in the 
und, and recover ſtrength to put forth in the ſpring; thus muſt men, 
in all places, have diſcovered, in ſome degree, the length of the year; and 
that the moon, by her variety of phaſes, marks out the length of the 


month, is what a man muſt want eyes to be ignorant of. But, on'the 


other hand, it muſt be obſerved that the very pagans themſelves laugh at 
the pretended antiquity of the Egyptians and Chaldeans: the obſervations - 
of 1900 years, ſent from Babylon by Calliſtbenes to Ariftorle, carry theſe 
matters (as hath been obſerved before) nearly up to the diſperſion of man- 
kind; and from that time _ _ n ee wc honey: pay ee Oy ZE 
poſſibly be dated. | | 
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4 —— After the death af frigate: vrvat; Ur ths Db detec F 
Chriſt 324, his captains divided great part of the dominions which 'he 
had conquered amongſt themſelves. Egypt fell to the ſhare of Prolemy, 
the ſon of Lagus, who made tlie city of Alexandria the capital of his 
kingdom, about 305 years before Chriſt. His ſon and ſucceſſor, Ptolemy 
 Philadelphus, a prince inſtructed in all kind of ſciences, and the patron'of 
_ thoſe who cultivated them, ſet up a famous ſchool there, unto which hie 
invited learned men, as well Greeks as others; and made ſuch proviſion | 
for them as ſtirred up an emulation that laſted until the time of the inva- 
ſion, by the Saracens, in the year of Chriſt 650. It is from the time of 
e eee eee een eee WIR 

1562 The firſt who cultivated aſtronomy at Alexandria were möcht: 7 
and Aryſlillus, who began their obſervations on a new plan; inaſmuch" as 
they were more exact in noting, and more particular in ſetting down the 
ſeveral times, when their obſervations were made. Ptolemy,” in his alma- 
geſt, aſſures us that Hipparebus made uſe of their obſervations; by means 
of which he diſcovered that the ſtars had a motion in longitude of about 
a degree in one hundred years: he cites many of their obſervations, par- 
en. hold of PR the oldeſt of which is in n the reign of Ptolemy, 
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ledge in aſtronomy, and the Chaldean philoſophy; and 
many books concerning theſe matters in the Greek tongue, ſome of which 
are yet extant, wherein he affirms that he had ſeen at Babylon aſtrono- 


. 


yz. "OY 
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the eon of Lagus, in the year before Chriſt 295, 8 ſays he, 


85 Ju touched the northern ſtar in the forehead of the ſcorpion; and the 


laſt of them in the Izth year of Philagelphus, the year before Chriſt 272, 
-when venus hid the former ſtar. of the four in the left wing of virgo. 
1563 Aratus, much celebrated for a Greek poem. called the Pheno- 
mena, mentioned 5 387, lived about 270; years before Chriſt. . Much 
about the ſame time lived Ariſtarebus of Samos, who was a ſtrenuous 
aſſerter of the Pythagorean ſyſtem, of the world, as we learn from the 
Arenarius of Archimedes: ſeveral aſtronomical works are attributed to him, 
and he appears to have been a perſon of the moſt penetrating genius of 
all the ancient aſtronomers. A moſt ſtriking inſtance of which he has 
given in his method of determining the diſtance of the ſun from the 


Fearth by means of the moon's dichotomy. Ptalemy relates an obſervation 


eee 


made. 


1564 Eratoſtbenes, born at Cyrene, 271 years before Chriſt, was a per- 
fon {ſkilled in all parts of learning, but particularly aſtronomy and 


FT 5 phy. Very little remains of his works now beſides his manner of deter- 


mining the meaſure of a great circle of the earth by means of a gnomon. 


is reputation for learning was ſo that he was invited from Athens 


to Alexandria by Prolemy Euergetes, od made by him keeper of the royal 
library at that place. It was at his inſtigation that the ſame Pzolemy ſet 


up thoſe-armillas- or circles of braſa, in the portico at Alexandria, with 


Which Hipparchus and Ptolemy afterwards ſo. ſucceſsfully. obſerved the hea- 


venly bodies. We are told, by Ptolemy, that he found the diſtance be- 


tween n dan, as ene 


; nnn. 


1565 Much enn the n time with Eratofhenes, "Bronte, — of 
- Chaldea, flouriſhed at Athens. Joſephus, in his anſwer to Apron, tells us 


that he was much eſteemed. by all lovers of learning for his great know- 
and that he wrote 


_mical ephemerides for 480 years inſcribed on tyles. It has been ſuppoſed 
that many inventions, now aſcribed to the later Greeks, were brought by 


this author from Babylon; whilſt others again contend. that the Greek 
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; exceptidig Bir abc Newton, wal 1 9 

een e, that ever appeared; flouriſhed about 220 ye 9 + all 

before the birth of Chtiſt. The very name of Archimedes cov ey iv the”. 4 WES 

mind of a mathematician an idea of: the utmoſt extent of human d . B 3 

He was the firſt who aſfigned the true atea'of any curvilinear ſpace white”. ' 
ſoever, * which he did by demonſtrating, with all the rigoür of the . „ 
geometry, that the area of every parabola 1s to that of its in . 9 


triangle, as 4 to 3. Nor was his ſkill i aſtronomy, properly 0 oY 1 £ 
inferior to what it was in geometry: ' Marrobiug |: 2. C. 3. fays chat 1 
t determined the diſtance of the moon from the earth, mercury from 
the moon, of venus from: mercury, "of the fan from venus, of mats fromm 
the ſun, of jupiter from mars, and of ſaturn from jupiter: as in 
the diftanice of the fixed ſtars from the orblt of ſaturn.“ We fear from 5 
Epparcbur that he made aftronomical obſervations, and in particular” 1 by | 
that he obſerved the time of a ſolſtice; and laftly, it appears from a LA © 8 
epigram of the poet Claudian that he invented a kind of planetariuth} t, 
orrery, to repreſent the phenomena and motions of 'the planetary fl nn”; OY 
When Syracuſe was 'taken by Marcellus in the year before Crit 2 he 
gave particular orders, to all his officers, to treat Archimedss — 1 
and tenderneſs; but his kind intentions were fruſtrated' r 38 
of the ſoldier, who firſt found him, and flew him, betaüſe he Was i= 1 15 
tent upon the problems: he was then about, as not td make"foitable afl. © 3:20 
ſwers to the queſtions ; which he put +0 Hin ES! en Ann 10 Th 
13567 Hipparebus, born at Nice in Bithynia, ſaid, by e 0 
lover of truth and induſtry, ſerms to have been the firſt who a applied him- = 1 tid 
ſelf to the cultivation of every part f aſtronoiny; thoſe aftronomers WH 
went before bim having /confined themſelves chiefly to tie motion aud 
of the fun and wewft, leaving us very few obſctvatſons bf che 
platiets and fixed" ſtärs: Wie ure told"by:Protemy,” I. F. that he'gblerved”® .. 
the ſtars at Rhodes, from whence ſome have conclude that he was bert 
there. Others, incescd, have fuppoſet that there were tud aftronomery - 
„ «"Bithyritan, and the other i Rhodiany ? 
bat it is no ways im chat the Githe Ei arches,” who wWas born in by 
„ wight obier ve Botir at Rhodes and Alexandria; neither d rt 
unlikely but that, "while he was in Bithynia, he might be e e FR. 
monen of the'fixed Mars, und io follow Euter in bis books on ene de 
nomen of At, ant naungs iel : OTST EE TE SIP  . , 


ITE Kelten, * 1 f del) I. Witt . ods 1 F Nn 75 15 are delt es 
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1 es Ptolenay farther informs us that Hipparchus had ſuch an accurate 


knowledge of the planetary motions as firſt to diſcover that their orbits 
were excentric, and that, upon this hypotheſis, he wrote a book againſt 


3 adus and Cahppus. He moreover gives us many of his obſervations, 


made between the years 160 and 125 before Chriſt; and tells us, that by 


= : 55 1 ſolſtice, obſerved by himſelf, with one obſerved by 


ichn, 145 years before, he determined the length of the year with 
great exactneſs, and wrote a treatiſe: on the ſubject. From the ſame 
ſource of information, we learn that it was Eipparchus who firſt. found 
dut the anticipation of the moon's nodes, the excentricity of her orbit, 
and that ſhe moved flower in apogee, and faſter in perigee. That he col- 


| = lected fach ancient eclipſes of the fun and moon, as were obſerved by 


the Chaldeans. That he formed hypotheſes, and conſtructed tables of 
the motions of the ſun and moon; and would have done the ſame for the 


gather planets, if he could have found ancient obſervations ſufficient for 


, 
* 
— 5 
* 


but not finding ſuch, he contented himſelf with collecting 
eee ee e eee to form theories of 


555 the "avian 


1809 Higparchus, by comparing hs: own obſervations of ſpica virginis 
ae, 100 years before, firſt of all 
: found that the fixed ſtars changed their places, and had a flow motion of 
their own: from weſt to eaſt: he alſo corrected the calippic period, and is 
e e ee ee e Foxy: ic his meaſure. of 
the earth. 

1570 Geometry having by this time-been greatly improved and called 
in to the aſſiſtance of aſtronomy, Hipperchus was enabled to attempt the 
oth HON, 0-8 cape. corme} men- 
ner than had hitherto been done, and a noble attempt it was! But al- 


wong h it diſcovers a vaſt comprehenſion of thought in the contriver, it 


| eee eee r becauſe it requires 


a much greater accuracy in the obſervations than can be attained to. See 


Keils Aftron. p. 2 58. hs Ces «nov. I. g. c. 7. Ptol. Synt. p. 126. 

1571 But the g this excellent aſtronomer. is his cata- 
logue of the fixed ſtars, r 
pPiüearance of a new ſtar. This catalogue, which is happily preſerved to 
us by Ptaleny, is the oldeſt we: have, and contains the longitudes and 


latitudes of 1022 ſtars, with their apparent magnitudes. Beſides the 


| 8 abovengentioned, . | 
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to happen for 600 years from his time.” | tot 
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eclipſes, both folar and lunar, 'and is ſaid to have calculated all that were 3 


1572 Menelaus was an eminent mathematician * Ae and 


made many obſervations of the ſtars and planets, both at Rhodes and 


Rome, about the year of Chriſt 90. He compoſed three books of ſphefics, 


or the geometry neceſſary to aſtronomy, which ſhew great {kill in the 
from 


ſciences, and are very complete. Ptolemy is ſuppoſed to have 
them what he has left on this ſubject in the firſt and ſecond 


off his 


Almageſt. Dr. Halley has given us a fair edition of this work. dee, 


alſo wrote fix books on chords. 


1573 Agrippa, the mathematician, obſerved the e of the 


moon with the pleiades, bene ge Nef, Bao, 


or of Chriſt gz. 1.1 23 paved | 
1574 Theon, © ppi Gaither: the Waben made tbr mae 5 
venus to deflect 6 degrees from the zodiac, both ways; nenn Oy BD 


one ſuch degree as the whole circle contains 360. 


1575 It would be very eaſy to record the names of cara cine $2 
Greek and other aſtronomers, who lived between the times of Hyparalias | | 
and Ptolemy, and chiefly about the beginning of the reign of Amn 


Pius; but as they made little or no advances in the ſcience, I ſhall;pais 


them by, and come immediately to that prince of aſtronomers, Gaua¹etp 
_ Ptolemy, of Peluſium; or, as have it, of Ptolemais in Egypt, ll 
who is the moſt ancient aſtronomer,” whoſe works have been handed dem 
to us. It is to his almageſt, or the great compoſirion,' that we aria 
debted, not only for his own obſervations,” but for almoſt all which _- 
, Timotharis, and the ancient Babylonians. 

1576 This learned perſon was born in -the year of Chriſt 6g;:and, "al 
though the principles upon which his ſyſtem is founded are erroneous, * 45 
yet his work will always be uſeful to aſtronomers on accountiof the gteaʒt 

number of ancient obſervations hich it contains, and will; undoubtedly, - + 
It is divided into 13 books: e 
in the firſt he endeavours to ſhew chat the earth is at reſt in the center 
of the univerſe; that it is ſpherical, and but a point in compariſon of NN 
the diſtance of the fixed ſtars: „ eee hoy ar „ 
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perpetuate his name to tlie lateſt 1 


and their poſitions in u right be N 
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8 ©.» The third bock treats of the true length of the year, of the unequal 

| 1 motion of the ſun in the ecliptic, and alſo of the unequal length of days 
PE: and nights: it likewiſe contains tables ol ieee, ee and 
: Ade fourth he nr os eee ee gives tables; for Spe- 


W 


nn them, and exhibits the principles, umd obſervations. on whinh! they 
EL i are founded. | doh a 

In the fifth he Wm ot tha excentricity.c ihe 8 end the.; * 
2 2 {equalitics of the moon's motion: aſſigns 3 of the an. ane, 


* 
1 
FS 


\ . 


nt. 
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a - andcarth;. and their diſtances from one another. 
An the fixth he treats of the conjunctions and oppoſitions of e fun 


ld” 2 £4 
COR 
t 1 


3 and; moon, the limits of ſolar. and ecken anc 1 rere for 
_ a ar the the times when they will happen. d 115 
II.n the ſeventh he treats of the fixed ſtars; en has various 3 


* 


? —_— lations by means of an artificial ſphere; rectiſies their places to his own 


: by time, and ſhews how different they then were from what they had been 
n the times of Timaecharis, - Calippus, Hepparchus, and mm (ap: con- 


115 


hudes-with a catalogue of the ſtars in. the northern hemiſphere. 


: WE. BY: be eighth book contains a catalogue of the ſtars in the 3 4 
>  anſphere,:as alſo a catalogue of the ſtars in the twelve zodiacal conſtella- 


—hons: this catalogue of the-ſtars- is the oldeſt extant, and therefore con- 
ines very valuable part of the work. The book concludes with a 
iure on; the Galaxy, or ee ware of the nfing and 


: . 3 ſeiting of the ſun and fixed ſtars. 21938 ; 
een book treats of the order, of the j. and of their periodi- 


. evolutions: contains tables of their mean motions; and concludes 


e ee el e pen treat, f in!like manner, of the various phenomena 
_ of the plants venus, mars, jupiter, and ſaturn; and "Aoi the tables 
Hare been Sorrected from the obſervations: of preceding aſtronomers. 
irbe twelfth book treats. of the ſtationary and retrograde appearances 
* "of its; planets;; and;the thigtenth ee 1022 ele te er 
ee eee aiſings, fttings,” KK... 1 

157% This work vas firſt tranſlated out of G e ee about 

e year 827, and out of Arabie inte Latin, by fayour of the emperor 


Frederic II. about the year ee The Greek - text of Ptolemy-was not 
in \ Europe: 0 e beginning of the 15th century, when it was 
RAW C“ n 

2 2 * 


brought from Conſtantinople; then taken by the Turks, by George, a 
monk of Trapezond, who it into Latin. This tranſlation was. 
5 * at Venice in 1527, and Baſil in 1541; at the e the 
| Greek text had been printed in 1538, with a commentary by 

and Poppus,. both mathematicians of Alexandria in the: Bag 
century, In this work Theor ſets down. an eclipſe. of the ſun as obſerved. 
by himſelf, anno Nabon. 1112. After theſe laſt mentioned authors, 


nomy received little or no improvement from the Greeks, if we except . 


thoſe ſeven. books of obſervations, made by Wins r e 
dne en tells us he e in the ENT of the 1 of France. 
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2 11578 From the year 800, almoſt to th to the beginning of f the 14th century, 
Europe was plunged in darkneſs,, and. the moſt profound 1 ignorance, bat 
during this period ſeveral. able men aroſe. amongſt the Arabian 7 

chiefiy at Bagdad, which, is 157 near the Angignt, Babjlons, and ws 
uſeful works were performed by them. 

1579 lu the time of the —.— Herachiuy, about tA. P. 73 the MY 
conquering Syria, Perſia and Egypt, formed an empire which afterwards - 
extended itſelf into Aſia, Africa, and even into 5 The caliphs of 
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Babylon. were the moſt rann Prince of Alia, and their ine on 


reached to the Indies. 
1 580 Amanzor, the pony caliph of the family a PTY. chemidet,, w 
{killed in many ſciences, and firſt introduced 


pire. His grandſon Almamon was KY very fond. of the. ſeiences, and a 3 Wnt 758 


plied himſelf to the cultivati n of them with great aſſiduity. After 
came to the empire in 814 he 17 devoted much of bis time to the lelene, 
nd encouraged them amongſt his ſubjects, In a treaty, of Aa 7 
he made with Michael II, Ys Conſtantinople, he. 1 05 | 
leave to ſearch, throughout all Greece, for books of W wh that $i] | 
might be tranſlated , jy Lives the year $27. he, had P 
tranſlated. He. made many aſtronomical obſeryations hi T 
and determined the obliquity 177 ecliptic. to be 23 115 He Hag, 
many able men who conſtructed, uments,. ph a0 them an. 
ing Mana 08 ae is e 1 auſpices that A 
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of ae air was: meaſured a ſecond ũme. in the Plain of Singar, en 


1 e , Who was partly contemporary with the caliph Aman, 
wrote elemerits of aſtronomy, in 30 chapters; which has been three times 


: bei fate dt 5 vr, was Albategnius, who lived about 880 years after 


|  bians. He greatly reformed aſtronomy in his book de ſcientia flellarum, 
| by comparing his own obſervations with thoſe of Prolemy. Amongſt his 
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nornical and 


$00x 5. 


He died in the year 833. 
1 581 Frotm- this time rede was — — by the Arabs; 


tranſlated into Latin, and a very curious edit. of it was printal at Ader. 
dam in 1669, with notes by Ger. 


1582 But the moſt celebrates: of dhe" aftoeibinUs; Whale works: nine 


Chriſt. He is called Mubamed Araferfis, as being a Syrian of Aracta, or 


' Racha, in Meſopotamia, though he made ſome obſervations at Antioch, 


Finding the tables of Ptolemy to want correction, he made new ones, 
fitted to the meridian of Aracta, which were long eſteemed by the Ara- 


coveries, the chief are the mation of the fun's apogee from the time of 
to his own: the preceſſion of the equinoxes, which he made to 
in about 70 years; for he found it was neceſſary to add 11 
ol to the places of the fixed ſtars, as they ſtand in Ppolbng's Almayeſt, 


Pto 


. | . to make them apree with the heavens in Eis * that the firſt ſtar in 
aries was then diſtant 18 2 from the equin point: and laftly, that 
ie fun's greateſt declination was 23 e bach Arabic of his 


Works was never printed, bar Bes e manuſcripts in the Vatican 
+ It has been tranſlated into Latin by Plato Ti Ourtinus, and printed 


ER: at Bohonia in 1645, with notes by Regiomontanus. 
18383 For ſome centuries afrer the time of Abateynius b learned 
= Kſtronomers are found in every part of the Saracen empire; but none of 

2 filem have left us any. obſervations, of ſo much conſequence, as three 


edlipfes, which were obſerved at Cahir, in Egypt, by Ein Tas, aſtro- 
to the caliph there, A. C. 977 and 978, with ſo much care as to 


. ; 22 us = determine the quantity of moon 8 acceleration Hace 


"7484 About the year 1466 Nahr. Eat Erg, a ien und el 
G e Bourihed at a town in Aderbyan, ' He publiſhed aſtro- 
ical tables, which he called Tabule Nchanice, from 
Tartar prince of that name. His table of the latitudes and longitudes 


| c 


| 1585 Other 


* 


TY 1 ASTRONOMY | 1 68g 
1385 Qther aſtronomers of nate amongſt the Saracens are, Ebenſaphi, 
thor of the Perſian tables: Arzachel, a moor of Spain, who obſerved 


the qbliquity of the ecliptic, $ 8023 and alſo made tables of fines, or half 
chards of. double arcs, dividing the diameter into. 300 parts: Mhazes, his 


contemporary, who wrote upon optics, and in that work firſt ſhewed 


the importance of the theory of refractions in aſtronomy; he alſo wrote 
upon the twilight, and the height of the clouds, and explained in a very 
| ſcientific manner, the phenomenon of the horizontal moon: laſtly, Almeon 
and Thebet-hen-Chora, exact obſervers of the obliquity of the ecliptic, and 
compilers of tables; e ſame authors make contemporary, and others | 
place in different ages. 15 
1586 Paſling over many 0 of leſs woes but who, — all 


of them added ſomething to what others had done before, we come to 


Ulug Beigh, a prince of Tartary, and grandſon to the famous Tamerlane; . 
who, although he lived ſome ages after thoſe laſt mentioned, ſeems to 


have had his learning from Perſia. He is ſaid to have had very large i- 


ſtruments, and to have determined the celeſtial motions with greater ac- 
curacy than any that went before him: Graves ſays, that he had a qua- 


drant as high as the roof of the church of St. Sephia at Conſtantinople, 


which is 180 Roman feet. He compoſed eee, PT mans ae | 


oum obſervations, for the meridian of -Samarchand, his capital city, ſo 


exact as to differ very little fram thoſe of Heli Brake: but his principal —«@ 


work is his catalogue of the fixed ſtars, bog rey own: obſervations, ; 
at Samarchand, in the year of the Hegira 841, or of Chriſt 1437. This 
catalogue was publiſhed at Oxford in 1665, by Dr. Hyde, with notes. 
The accuracy of his obſervations may, in ſome meaſure, appear from 
hence, that he determined the height of the pole at Samarchand to be 
39 37 23", as we learn from Graves's preface to his tables of the lati- 
tudes and longitudes of places, inſerted in Hudf. Geog! Min. v. ini. He 
was put to death by his own fon in the 853d year of the Hegira, d inn 
1449th after ]. C. See Pococke's Sup. to Abulfarag. Hiſt. Dyn. p. 6. e 
1587 Ir is, undoubtedly, to the Arabians that we are indebted for the 5 
| preſent form of trigonometry;' for although Ptolemy rendered the theory + 

of Menelaus much more ſimple, yet he worked by very laborious” rules. 
Geber, inſtead of the ancient method, Propoſed three or four-theorems, | 
which are the foundation of the modern trigonometry. The Arabjans 
alſo made the practice ſtill more fimple hy uſing the fines ĩnſtead af chords 
3 arcs, which, was one af their fit inventions) fan it is Squad 0 
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upon the right ſines. The Arabians received their ten digits, or nume- 
ral figures, from the Indians, Aruabel, author of the Toledo tables; and 
one of the firſt,” whoſe” works" are come down to us, hat uſed thoſe 
figures, ved about the year To80. He was an excellent aſtronomer, for 
the times he lived in, and fnade' many improvement in the" ſcience! He 
obſerved: the obliquity of the-ecliptic to be 23? 347; and qhas left us a table 
| = natural ſines, in which he divides the diameter into 300 parts, Which 
divided only into 190,217 c the Hr: ei- tn 
188 In the ninth century the Arabians made their way into Spain, 
and having intercourſe with all the weſtern parts of Europe, imparted to 
them perry entry gene- gc e rk ug e * ep pe ro 
ord fiend ee world. 1 25 


1 9 * 
Ws 1 £ 2 de re 342981421 7 "hs e . s. 43s i 4 
1 4 p 5 k a * : = — 2 1 
1 — 4 66 14 8 « 3 + * $4.4 ** * FE * a +3 * - : * 41 4 

4 8 — 


La E rn I Ae er . o 
£ 1 14 . , "3 | = 2 27 1 * — 
& A b$ * SF. PF 5 p JE; : _ 33.2 1 "37 223 4 9 4 P'S þ be be, tt * 5 * 


: cn, . IX. CE Tur RESTORATION: by A ndborr m 2vn0ry, aud 175 
EN IRONS "PROGRESS FROM: 1230 To” «oh rte 


7 - 
$& 1 * : 
N 13 85 2 2 2 * 1 3 of i \ "$215 


= LOOP While SIO were thus bange in 185 
eaſt by their learning, and labours for the 3 aſtronomy, 
1 one European who deſerves to be named in the 
hiſtory of that ſcience. But the emperor Frederic II. who reigned about 
the year 1230 began to protect and encourage learning. He reſtored the 
univerſity of Naples, and founded one at Vienna in 1237 he alſo revived 
thoſe of Bologna and Salerno. He cauſed many ancient books of phyſic 
and philoſophy, particularly the works of Ariſlorle, and the almageſt of 
Frolemy, to be tranſlatetl out of Arabic into Latin. This tranſlation of 
the almageſt, made in the year 1230, contributed ſo much to the ſtudy 
amd katning'of the fidercal ſcienes'amongſt Europeans, that from thence, 
as an epocha, we may date the revival of aſtronomy in Europe. 
1590 John de Sacro-boſco (or of Halifax). an Engliſhman, and brought 
up at Oxford, win eee eee ee ah after 
- that time. He flouriſhed about the year 1232, and compiled, out of 
, Prolemy;\ Albategnius, ergames;' and other Arabians, his four books d 
" Spheras which meat; the ſphere of the world, the celeſtial circles, the 
proper motions of the ſtars and planets; the riſing and ſetting. of the 
n= _ ea ee, „ee ard, RO, ee cauſe of 


CHATS. AS'OR ONOMY. 66 
in the ſchools to any other, and has been thought worthy of ſeveral com. | 
manatee. and particularly by Ch. Clovtas, in 15322: 
1591 About the year 1240 Aſphonſus X. king ol Caftils/ epd the 
wiſe, finding many errors in the tables of uin called together many 
perſons, learned in aſtronomy, as well Chriſtians, as Jews and Moors; 
who met at Toledo, in the lifetime of his father; and, after mafiy con- 
fültations, made new tables, which they: called A/phinfine; in honor of 
this. prince, and publiſhed then in 1252} this frſt hear of his eign. They 
are ſaid by ſome to have coſt him 40,00. and by others 400, oo pies 3 
He died in 1284, aged 81 years. Weid. "Hit. Aftrons p. a2 9 

1592 About the ſame time Roger” Bacon,” a learned Franciſcan, pike 
ford, wrote many things relative to aſtronomy; particularly of the places 
of the fixed ſtars, of the ſolar rays,” and : lunar aſpefts: | 
treatiſe on perſpeCtive, in which he treats largely on the effects of ſpheri- 
cal lenſes, both ſingle and combined” together; although it does not ap 
from his writings, that he had ever thought of fixing them in 4 
a they: are now done in teleſcopes. See Mahpneus Opr. b. 256 
Smit Opt. P. 13. 20. rem. 92 111 . a Ant fs TEN 12 2AS 7 219% 0B 
1593 Soon after this time, namely, about 1270, Vitello, à Polander, 

wrote a treatiſe of opties after the manner of Albazen, en the uſe of 
refractions 1 in aſtronomy. Gee eee eee AL e enen 
1594 From this time to eb of the 1 (thi centuryj>Hwiieet 
with few or no improvements in aſtronomy; nor ſearcely any aſtronomer 
worthy of notice, except Profatius, a Jew;® who is ſaid to hate obſerved 
the ſun's greateſt declination; and the vernal equitiox in 13657 But about 

the middle of that century every part of aſtronomy was carried on with 
ſuceeſs, and proſpered, by the great, the ingenious, and ſtudious 5 
Purbach, ſo named from! Puerbuch, a tbym between Auſtfia and Bavaria 
where he was born; in 1423. He ſtudied firſt at Vienna, and afferwards 
at Rome and Ferrara where alt men were ſtruck with his learning, and 


He wrote Alſd a : 


clear method of teaching: Howevert he returned to Vientia, where he. 


was not only honoured, but had a handſome penſion allowed. him by the 
emperor.” His firſt work was a Latin commentacy on Prolemy's al inageſt, 
as tranſlated from thiꝭ Arabio; becauſe de diu not undetſtand : SWM, ur 


even had'x/Greek-edpy'of that bodk;s He wrote alſo an intrenustie te 


arithmetit and dialling, with tables for various cli mates! Ne alſs made 
tables of the proportion of tho parallels, at every degree, fo tlie qui 

2 9 and globes, as well as uſed * UnQadded | 
| 9 9 | BER. new 
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new tables of the fixed ſtars, reduced to the middle of that age. He made 
dials and quadrants, and moreover collected many tables of the firſt mo- 
tion, to which he added new ones of fines, for every ten minutes (which 
 Regiomontonus. afterwards. extended to every minute) making. the whole 
mine 69, With fix cyphers; 'nunexed, after the example. of -Prolemy,. who 
made the. chord, or diameter, 120. He likewiſe corrected the 
tables. of the planets, making new equations to them, becauſe the Al- 
tables were very faulty in this feſpect. , In his folar tables, be 
placed the fan's. apoges in the; beginning of: cancer, but retained the obli- 
2 of the egliptio 23. 332, as it had been detetmiined by former aſtro- 

He made hewatables for computing eclipſes, of which he ob- 
= ee cmd, bad juſt publiſhed a new theory of the een 
death, Which happened in 146. 

5 Jahn Muller, of . a town in Franconia, 
— commonly called Regiamontanus, was a ſcholar of Purbacb. In 
bis youth he learned the doctrine of the ſphere, and was greatly delighted 
witk aſtronomys on which account he quickly learned arithmetic and 
geometry, and put himſelf under the care of Purbach, then profeſſor at 
Vienna; under whom he ſoon became ſo- great a proficient in aſtro- 
nomꝝ as to ſucceed his maſter, who died ſoon. after. He completed the 
epitqme of Pralemys almageſt, which Purbach had began; and, in 1461, 
Aths death. of: that excellent aſtronomer, he went to Rome; where he 
He afterwards went to Padua, 

and, in 1471 iretired. to Nurimberg,. where he was received by Bernard 
Walther, a wealthy citizen, and lover of aſtronomy, and who out of re- 
gad to that ſcience. cauſed ſeveral aſtronomical inſtruments to be made of 
- braſs,, under the direction of Regiomontanus, for obſerving the altitude of 
the ſun and ſtars, and other celeſtial phenomena: amongſt theſe was an 
_ armillary aftrolabley like that which was uſed by Hipparchus and Ptolemy 
nt Alexandria; and with which Regiomontanus made many (obſervations. 
Hie alſo made for 30 years to come, ſhewing the lunations, 
eclipſes, &c. He: wrote of the theoty of the planets and comets; and 
alſo a treatiſe on triangles, yet in repute for containing divers extraordi- 
nary; caſes. He is likewiſe ſaid to have been the firſt, who introduced the 
uſe. of tangents into triganometry, and to have publiſhed; in print, many 
of the moſt eminent authors, on aſtronomy amongſt the ancients. To- 
wards the latter part of his life he returned to Rome, where be died, at 
. of being: poiſoned by the ſons 
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of Trapezuntizs, the envious „ ee een and was buried in 8 


a pantheon at Rome. 

5 After the death of Bunard Walther, ee en | 
nene ſought —— books and manu- 
ſcripts which he had left behind him, and which he purchaſed of his 
heirs; and continued to obſerve with the armillas and parallactie rulers 
until his death, which happened in the year 1504. He was born at Nu- 
rimberg in 1430, and though rather the older man, is uſually called the 
ſcholar of Reg:iomontanus; for as he began theſe ſtudies later in life, it wass 
later before he became a proficient in them; but being opulent, and wiſh- 
ing to retrieve the time that he had loſt by every means in his power; he 
———— —— — — Tay 
both in the theory of aſtronomy, and the practice of making obſervations. 
After the death of Valiber, the obſervations which had been made, both 
by him and Regiomontanus, were collected, by order of the ſenate of Nu- 
rimbery, and publiſhed there, by Fob» Schoner, in 1544; again by Snellius 
at the end of the obſervations, made by the Landgrave of He, in 1678; 
; and laſtly, in 1666, with thoſe of Velo Brale. We are told by Szelbzs, 
in a note at the end of thoſe obſervations, that Malther complained of his 
armilla; and ſaid that although it was fix feet in diameter, it was not 
8 give the obſervations with certainty to leſs than ten mi- 
Soboner aſſures us that Maler made uſe of e Om. . 
which weak aleuys go well from noon-to:noon;''7 1 

1597 In the beginning of the ch centary e #rzer Gonciſhed at 


Nurimberg: he was an excellent aſtronomer; and appears to have been 


the greateſt geometer of theſe times. He was born February 14th, 1468; 
and from his childhood, as he himſelf tells us, applied himſelf to the 
ſtudy of the liberal arts, but particularly ta mathematics; being induced 

do it by the truth and certainty of that branch of learning. Haring been 


informed that Regiomontanus made great proficiency in thoſe ſciences in 
Italy, he went to Rome in 1493, and; while there, was very diligent in 


of mathematical learning. On returning to his own country in 1498, he 
was admitted into holy orders; and though, by this means, he became 
engaged in other duties, he, nevertheleſs, applied himſelf with great 
-earneſtneſs to the i of and the mathematics, and 
in obſerving and collecting ſach phenomena as ſeemed to him worthy of 
notice. He obſerved the motion of the comet in the month of April! 
; . 8 1500, 


making aſtronomical obſervations, and in his application TS | 
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Ade /ttiddadeſcbad it (See *Milichii Comment: in II. PII. e. Av. p. 262.) 
and publiſhed ſeveral tracts, in which he handled many capital points, 
_ relative! to geometry, aſtronomy, and geography, in a maſterly manner; 
and wrllich met cwärh great applauſe from the learned of thoſe times. 

There ard yetiextant his tranſiation, with a commentary anneꝛed, of the 
1 in thich / he, [firſt of any one pꝓropoſed 


dhe method of finding the longitude at ſea, by obſervations of the moon's 


Aiſtanct from the fixed ſtars, and which is: nom {0 ſucceſsfully carried into 


5 practice a tract concerning four different projections of the ſphere; in 


_ _, graphyyirelatingicts>maps: on ej 


Plano run explagation: of: = /palings; mn. tract of Gage Amiruſcius} con- 
veruingothe eſſentials: of geography, from the th book of Prolemy's geo- 
| "of Ragin rj, Baſſario, con- 
Terning meteproſeopes: five books on the conſtruction and uſe of me- 


tteosdſoopes: fiut books concerning triangles: miſcellaneous problems re- 
Aating to aſtronomy and geography: an analyſis to accompany the hook 


__ of \Buckd's data: on the doctrine of.ſhadows:: a tract containing twenty- 


— _  cofitathing 


wo 1propoſitions in nick: a commentary, or paraphraſtic diſcourſe, 
leteven methods of doubling the cube: a commentary on the 
problema of Diamgſſadarus relating to the cutting of a ſphere, by a plane, 
ſo that the two parts may obtain a given ratio: two tracts concerning the 
motion :of the eighth ſphere, or of the ſixed ſtara: and, laſtly, a ſhort 
diſrburſe oncẽrnimg the theory of the eighth ſphere. "The five laſt books 
were publiſhed at Nurimberg about the year 1522; but we are here chiefly 

concerned about the two laſt, in which he has ſhewn, by comparing his 
down obſervations of the ſtars regulus, the virgin's ſpike, and the bright 

ſtar in the ſouthern ſcale of the balance, made in 1514, with the places 
5 of the Lime ſtars as put down by Ptolemy, Alpbunſus, and others, that the 
motiom of the fixed ſtars, now called the prrceſſion of the equinoctial 
points. is 1. 10. in one hundred years, and not one degree only, as for- 
wer aſtronomers had made it. This tract on the motion of the eighth 
ſphere was ſo exceeding-ſcarce in the time of Hebo Brabe, that he ſought 
all Germany for it in vain: for this reaſon he wrote to Maginus, requeſt- 


dung hin ee Seek for it in Iny, and who having at length found it, ſent 


it to him in the year 1591, as Gaſſndis teſtifies 1 in the life of Tycho, p. 435. 
Miene made the ſun's greateſt declination 23* 28', and the diſtance of the 


Th firſt ſtar in aries from the equinoctial point 26 degrees. Moreover, he 


fy collected, and made himſelf a great 3 of meteorological obſerva- 


ants and OAT endeavoured to. derive rules which-wight be — 
8 4 : towar 
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tomatds judging of hat weather would happen in future; his general 
rules for jadging of the changes of the atmoſphere were publiſned at. 
Nurimberg in 1646. by John Helnnerz and; are yet to be met with in ſo me 
libraries: He alſo, applied himiſeif to mechanics, and with the help ff, | 
Andre Hinlin, ah: eminent mechanic of thoſe days, made a machine 
which repreſented the motions of the planets. according to the Ptolemaic; 
bhypotheſis. Deppelmayer de Mathemat. Nuremb. p. 31. Weid. li. Aron. | 
P. 334. Ain. pan M. de in bande edit. 1764, p- 1% 
1898 Janes Faber, horn in,34 324 wrote -COMMENtary, on the ſphere, 
& John ge Sacro-boſco,, alſo two books on the theory. of the celeſtial, mo- 
tions; in which he explains, compendiouſly, the theory and principal mo- 
tions of each planet: it was publiſned at Paris in 151 5, and again at. 
Cologn in 1516, with an explanation by Clrift. Sculpinus, ee . 
aſtron. at that place. He died in the year 1637, aged 10g years 250 
1599 Dominic Maria, the friend, and ſometime tutor, of the celebrated 
Nicholas Copernicus, was born at Ferrara, in the year 1464; and was ma- 
thematical profeſſor at Bononia from 1484 until his death, which, hap - 
pened in 1514. He applied himſelf with great aſſiduity to the making of GD 
celeſtial ,qbſervations;, and it was by his example and advice that Coper- = 
nicus was ſtimulated to a more diligent cultivation of practical . 
He found the ſun's. greateſt. declination- to be 2g. 29; and thought t! 
the plane of the equator was variable with reſpect to the ſituation ns 
places on the earth, becauſe, he found that his obſervations gave the height, Haas 
of the pole greater by 1* 10' than had been aſſigned to it by Polen. See 
Snellius, Bratoſth. Barauus, b. i. c. 8. who has pointed out his miſtake... -. 
1600 We come next to Nicholas Copernicus, who was born at Tbem, 1 
in Pruſia;;; January 19th,; 1473. Ibis illuſtrious names . 
had been ĩnſtructed at home in Latin and Greek literature, went to Cra 1 
cow, where he ſtudied philoſophy and phyſic, and obtained a; doctor s 
degree in that faculty. In the mean time, having from his earlieſt years. 
been fond of mathematical learning; he attended the public lectures of DEE 
Albert Brudzevius, who was * profeſſor of mathematics: in e ED 
ſity, whoſe. houſe. he. uſed. to frequent, and to. receive inſtructio ois FEY 
him privately in thoſe ſciences... When he had learned the nature and 15 5 
of the aſtrolabe, and began to have a deeper inſight into 5 Ang 
the hiſtory of thoſe illuſtrious perſons, who had profeſſed. i it, he e 
ſtruck with the great reputation, which Regiomontanus had acquized 0 


3 that he reſolved, to laden his example; and 8 a 
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with Unremittüng diligence. He likewiſe applied himſelf to the ſtudy of 
— yrs cp. cp mg an accompliſhment” which he fore- 
ſaw would be of great uſe to him in his travels, which, about this time, 
he began to think of. He went into Italy when he was about 23 years - 
old, and ſtayed for ſome time, ſirſt at Bologna, on account of the learn 
ing and reputation of Dominicus Maria, a native of Ferrara, and who was 
a very eminent profeſſor of aſtronomy at that time. But Copernicus was 
not ſo much the ſcholar of Maria, as an aſſiſtant to him in making his 
obſervations; fo that when he came to Rome his reputation was ſcarcely - 
inferior to that of ; and he was made profeſſor 
of mathematics there, with univerſal applaſe, and made fome obe. 
mon ernins Ayer a-na cop. mmes 

1601, Returning, ſome years after, ee Lucas Wa- 


Fen zelrodius, his uncle by the mother's fide, and at that time biſhop of Warm, 


inted him to be one of the canons of the church of Fruenberg, on 
the mouth of the Viſtala, where he applied himſelf with the utmoſt aſſi- 
duity to the ſtudy of the heavens, and the motions of the heavenly bodies; 
and foon perceived that the hypotheſes of the ancient aſtronomers, in 
which they maintain an uniform motion of the planets round the center 
of the equant, was neither confortmable to harmony, uniformity,” or rea- 
fon. 'This induced him to undertake che labour of reading over the books 
of all the ancient phil and aſtronomers that be could procure, in 
order to trace out all the ſyſtems that had been invented, and to obſerve 
what probability there was in each: and whether there were any amongſt 
them that promiſed more elegance and harmony in the celeſtial motions, 


and more ſymmetry and proportion amongſt the ſeveral parts of the uni- 


verſe than that, which without any conſideration, had been almoſt uni- 
; verſally adopted. Tuo opinions, not very diſtant from each other, ſeemed 
cipally to claim his attention: one was that which is now generally 

attributed to Martiannt Cupella, but by ſome to the ancient Egyptians 
(F 1523), in which the ſan is placed between the moon and mars, with 
mercury and venus revolving round it, as the center of their motions; by 
which means their motions were ſometimes above, ſometimes below the 
fun, and fometimes file-ways; thereby accounting for their ſtationary 
appeatances, as well as their direct and retrograde motions. The other | 
eee who placing the ſun in the center of his 
| n, made not "only mercury” and venus, but alſo mars, jupiter and 
rn to — _ ö round it; whilt che ſun, 


| and 
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and alſo the moon, revolved round the earth as a center, and which was 
alſo the center of the world, as well as that of the fixed ſtars: an hypo- 
neee 4 ſame with that Tt Pa eee. 
min 
160 . a5 :they ianpleined 3 in a ne man- 
minted retrograde, and ſtationary appearances of venus and met- 
cury, (pleaſed him much; and the latter of them was equally ſuseeſsful 
in ſolving the appearances of the ſuperior -planets. He falt, however, 
ſome diſſatisfaction, even with the latter of them, beeauſe the ſun, the 
moſt glorious body in the mundane ſyſtem, was not made the center of 
the world; , andibecauſe the earth being in the center, and the ſum revolv- 
ing round it, not only witch an annual, but likewiſe a diurnal motion, 
ratried"the planets along with it with a motion too rapid to be eonceived. 
But when he underſtood that the Pythogorean philoſophy had removed 
the earth from the center, and placed the ſun there, as being the moſt 


noble and beautiful of the heavenly bodies, and therefore deſerving of . 


the moſt eminent ſtation, he was immediately convinced it produced that 
elegance, order and harmony, which he had ſo long been looking for: 
ſeeing that the earth, revolving round its own axis in the ſpace. of twenty- 
four hours, and producing, by this means, the viciſſitudes of day and 
night, the ſphere of the fixed ſtars, and alſo the planetary ſyſtem were 
relieved from that rapid motion, which as he juſtly obſerves; exceeded 
all belief. He moreover ſaw, eſpecially after he had read the works of 
that excellent aſtronomer, Pbilalaus, by ſuppo an wee eee, ene 
annual motion, it followed, that in whatſoever ſign of the ecliptie the 
earth was moving, the ſun would be ſeen in the oppoſite one; and thus, 
the earth would become a planet, inſtead of the ſun; and, as well as mer- 
eury, venus, mars. jupiter and ſaturn, reſpect the ſun as the centeriof its 
motions. And'T have,” ſays Copernicus, by frequent and lang obſer- 
vation; diſcovered that, ir the motions of the other planets be compared 
with the revolution of the earth, and be eſtimated according to tha time, 
in which each of theſe bodies their revolutions, not only their 
ſeveral. will follow from this hypotheſis; but it will; alſo ſo 
connect the order of the planets, their ſeveral orbits, their magnitudes, 
diſtances, and even the apparent motions of the fixed ſtars themſelven, 
that it will be impoſſible 
place, which is RO N Wann the 
* univerſe alſo,” _ 
| 1355 q. 


to remove any one of thoſe bodies out of the 


” 
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1603 Copernicus tells us, that he began to entertain theſe notions, and 
-403wiew them down, about the year 1507; but he was not ſatisfied with 
_ ning only the general nature of his hypotheſis, and ſnewing that the 
appearances in the heavens were, upon the whole, as conformable to it 
as to other hypotheſes, which had been embraced; he was ambitious to 


. determine the ſeveral periodical revolutions of the planets in i it, and thence 


to conſtrubt tables of their motions,” which might correſpond to their 
fſituations in the heavens better than thoſe of Pralemy and'A/pbonſo' did. 
In order to which, he judged it neceſſary to make obſerrations, that hy 
comparing them with the more ancient ones, he might attain to greater 
_ -exaQtneſs;/ and therefore made himſelf: a quadrant, croſs-ſtaffs,; like thoſe 
of Proiemy, and alſo an inſtrument for obſerving parallaxes: this inſtru- 
ment, he tells us, was in form of an iſoſceles right angled. triangle, the 
two equal ſides of which were each four cubits: and its hy pothenuſe, or 
longer ſide was divided into 1414 ſuch equal parts as each leg contained 


too. What degree of accuracy theſe inſttuments of Copernicus;admitted 


of may be gathered from what Nbeticus ſays in the preface to his Ephe : 
merides for the year 1551. If I can be able, ſays Copernicus, in a lets 
ter to him, to come within ten ſcruples [minutes] of the truth in the 
-motions of the ſtars, I ſhall not rejoice lefs, than we are told Pythagoras 
did; when he had diſcovered the proportion of the hypothenuſe to the two 
ſides of a right angled triangle.” This circumſtance is not unworthy 
notice, às it diſplays at once the incorrectneſs, with which! inſtraments 
were then made, the rude ſtate of aſtronomy, at that time, and tlie in · 
Auſtry and improvements of ſucceeding artiſts, and uſtronomers, who now 
eſteem the fraction of a ſecond not unileſtrving aheiriattention.. - Depend- 
ing, however, on the obſervations, which: he was able to make with theſe 
inſtruments, and thoſe, which had been made by the ancients, he 
completed his work concerning the revolutions of tite heavenly bodies, 
laying down every thing in 4 geometrical method. after the manner of 
1 07 lib bots mifls zd. hun Hes 2d to ronuloves oi dl8iv. 
2 604 This work; the foundation ſtone, on which ſo glorious à fabric, 
as the preſent aſtronomy, has been built, is divided into ſix books. The 
firſt booꝶ is divided: into two parts: in the former ihe gives a general idea 
of tits on hypatlicſis; and his reaſons for praferring it to any . 
in the ſecond he handles the doctrine of+ fines; chords, &c. and delivers 
ae 2 2: Nr ID ni tloftlen (9296: 
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In the ſecond book he conſiders the doctrine of the ſphere;/ gives a de- f 7 


© ſcription of the various circles, great and ſmall, which compoſe itz their 
various interſections, and inclinations one to another, and with regard to 
the different inhabitants of the earth. He conſiders the right and ↄblique 
aſcenſions of the ſun and ſtars, their riſings and ſettings, and the lengths 
of days and nights: gives us an account of inſtruments for obſerving the 
places of the ſtars; and a new catalogue of their places, magnitudes/'&e, 
In the third book he treats of the equinoxes, and ſolſtices, the varia- 
tion of the obliquity of the ecliptic, which he ſhews to have been conti- 
nually varying; ſtates the quantity of it at different times; inveſtigates 
the length of the ſolar year; gives us tables of i the earth's motion in its 
orbit; with a table of the proſthapherefis, or equation of the denter; and 
concludes with a diſcourſe on the W IP of natural mae or the _ 
tion of time, as it is now called. . 
The fourth book treats of the lungs: motions al the Wade bypo⸗ 
theſes, by which the ancients attempted to account for them. He then 
to give a new account of theſe motions, their inequalities and 
cauſes; and alſo tables for computing the ſame. He next conſiders the 


latitude of the moon, her horizontal parallax, and the means of diſco- 1 


vering its true quantity; the comparative diſtances of the ſun and moon, 
and their parallaxes, both in longitude and latitude; and, laſtly, the con- 
junctions and oppoſitions of the two anne with = N d ch of 
\cclipſes,' their durations, and quantities. 

The fifth and ſixth books — About this pant 
ſyltem: he here treats of their number, magnitude, diſtances from the 
ſun, and the times in which they perform their revolutions. He nest 
1 gives an account of their diſtances from the earth, their apſides, the ſitu- 
ations of their nodes, the excentricities of their ſeveral orbits; and their 
inclinations to the plane of the ecliptic; their mean motions, anomalies, 
and the periods from whence they have been deduced: he, moreover; ex- 


plains the apparent inequalities of their motions, and accounts for their 


direct, ſtationary, and retrograde appearances; wre he coneludes the 
| free with tables of the latitude for each plane. 
1605 It appears from the life of this itiaſtrious:n man, cartons by Gaſ- 
3 that he had completed this örk about the year 1530, and that 
what he afterwards did th it was only by way of corrections and amend- 
rh hat _ * neee it yo ON the RO: *. 
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696 55 Ann em ov vox 3. 
ſſiculty, even in the latter part of his life, that he could be prevailed on 
to ſuffer it to be publiſhed: not that he envied ſociety any benefits which 

— be derived from his labours; but, as on the one hand, he was 
always very diffident of himſelf; ſo, on the other, he foreſaw that many 
| would: be offended at the novelty of his doctrines; and, therefore, he 
wiſhed rather to impart them only to a few ſelect friends, than, by pub- 
liſning them openly, to raiſe the elamour of the multitude. Overcome, 
however, at length by the importunity of his friends, he put the work in 
order, addreſſing it to the ſovereign pontiff, Pope Pam III. in which he 
declared. the reaſons which induced him to comply ſo reluctantly with 
the advice of his friends; and delivered it into their hands, to publiſh in 
whatever manner they thought beſt. At the expence of theſe friends it 
was printed at Nuremberg, under the inſpection of Schoner and Ofander, 
te latter of whom wrote a preface to the work; in order to palliate, as 
much as poſſible, ſo extraordinaty an innovation to the public. In the 


maeean time its immortal author was, attacked by the bloody flux, which 


was ſucceeded by a palſy in his left ſide: he, notwithſfanding, retained 
Us memory and vigour of mind; and, a few hours before he breathed 


his laſt, received a copy of his work, which had been ſent him by Rheti- 


cus; but he had then other cates upon his mind, and compoſedly reſigned 
his ſoul to God de an N T5433 be eee wan; pe e 
his S 

1606 After the death aden en the ſeience: of eee eee 
conſiderable- improvements from ſeveral learned men, but particularly 
John Schoner, Peter Nunez, or Nunius, Peter Appian, and Gemma — 
Soaloner was born at Caroldſtad, in Franconia, January 16th; 1477, and 

practiſed the mathematics, and eſpeeially aſtronomy, at Nuremberg; 
where, by the advice, and at the recommendation of Mrlanctbon he was 
made the firſt profeſſor of mathematics in that univerſity. He made many 
aſtronomical obſervations; two of which being on the planet mercury, in 

the year 1504, were of great uſe to Cwpernicus, in determining N 
tion of that planet. See Copernici Ræuul. Culzft. I. v. 30. 

He greatly promoted and improved the beds of making Aedo- 
mical obſervations; reformed and explained the calendar, and publiſned 
a treatiſe of coſmography, in which he gave a clear deſcription of the 
whole earth, by means of a terreſtrial globe. Ile died at Nuremberg on 
* daꝝ of ws: EY January _ 1547. A complete * 
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bis works was publiſhed at Nuremberg, in 1551, by his ſon; and again 
at the ſame place in 1561. See Doppel. mayer, p. 45. Alumi ute PHH, 
Germ. Weidleri Ei. Afiron. p. 337. De Ia Lande, tom. i. p. 1. 

160% Peter Nunez, or Nonus, was a native of Alcazar, in Portugal; 


and was born in the year 1492. He was royal cofmographer, and pro- | 


feſſor of mathematics in the academy of Coimbra, and tutor to the car- 
dinal prince Henry. He applied himſelf very early to the ſtudy of aſtro- 
nomy and navigation. But he did not conſine himſelf to the theoretical 
parts of theſe ſciences alone: he made frequent obſervations of the hea- 
venly bodies with ſuch inſtruments as were then in uſe; although he had 
but too often cauſe for complaining that they were not ſuch as he could 
uſe with confidence. This diſagreeable circumſtance put him, no doubt, 


on contriving better, and was, probably, the cauſe of his inventing tha 5 


aſtronamical quadrant, which is deſcribed in his treatiſe de corepuſculis, and 
which he contrived to graduate in a new and very ingenious manner, as 
follows. He firſt deſctibed ſeveral concentric:civcles on the face of the in- 
ſtrument, the outermoſt af which he divided into go equal parts, or de- 
grees: the next was divided into 89 equal parts, the next to this into 88, 
and ſo on, down to 46. Hence it is eaſy to perceive that the index of 
the quadrant muſt reſt, in every obſervation, preciſely upon, or exceed- 
ingly near a diviſion, in one or other of the circles; and conſequently the 
degrees and minutes which are contained in the arch may be known by 
computation. His works, publiſhed at Baſil, in 1566, contain (beſide 
his treatiſe de .crepuſculis; which was firſt publiſhed, and dedicated to Fobn = 
III. king of Portugal, in 1/542; and a tract, de caufis crepuſeulorum, which 
he tranſlated from Gerhard of Cremona's Greek uerſion of Allazen) two 
bos on the art af navigation, various .aftranamical problems, a treatiſe 
on the properties of the rhomb lines deſcribed on a glabe, on aſtrono- 
mical inſtruments, the deſcription of a nautical plane ſphere, the reſolu- 
tion of a problem af Ariſlalle, concerning the motion of a veſſel, driven 
by oars, and ſame very learned remarks on the theorems of Purbach, in 
which he ſhewa, that Purbach had advanced many things, from others, 
which were not trut, or but very inaccurately demonſtrated. His book 
af algebra was printed in the Spaniſh language at Antwerp in 1567-8 :? 
beſide Which, he publiſhed alſo de erratis Oruntij Finaei, in which he de- 
monſt rated geometrically that Orvntius was deceived in tlünking that he 
had ſquared the circle, doubled the cube,” and performed various other 
N matters in geometry, when he had found two mean proportionals 
402 | between | 
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between two given xight: lines. He died at Coimbra in the year 1577. 
See Nicbw. * mij Bibliotb. Ap. tom. ii. P. brit eurer haven 


5 _ fron." „360. De Ia Lande, tom. i. p. 143. 


76581 Peter Appia was born at Leiſnig, in Poland, i in oh year 149 5 
In 1524 he was made profeſſor: of aſtronomy at Ingolſtadt, where he 


 greatlyimproved that-ſcience;2and"/ geography, by his obſervations and 


writings His chief work was the Cæſartan aſtronomy, which was pub 


listed at Ingolſtadt in 1540, dedicated to the emperor Charles V. and 


Frradinmu, his brother. Thi ſcope of it is to ſhew how aſtronomical 
1 problems may be reſolved by inſtruments, without either calculations or 
tables. He adapts all his examples to the meridian of Ingolſtadt, and 
puts dom the differenee of time between that and other places. He, 
moreover; ſhewS how to obſerve tlie places of the ſtars and planets by the 
aſtrolabe; how to predict eclipſes, and to deſcribe the figures of them i in 
plano; illuſtrating the whole by proper diagrams. In the ſecond part he 
deſcribes an aſtronomical quadrant, — re to divide it with accuracy, 
and alſo the manner of uſing it. The book concludes with the obſerva- 


doũons of fe comets. One in the year 183 1, from Auguſt the öth to the 


23d. The ſecond in 1532, from the 2th of Sept. to Nov. the 20th. 
The third in 1533, from the 18th of June to the 23d. The fourth in 
1538, from January the 1th to the 21ſt, and the fifth in 1539, from 
May the 6th: to the 17th. In this work he, firſt of any one, remarked 


that the tails of comets are always turned from the ſun. Beſides the 


9 5 - 1514. After he had imbibed the firſt elements of the mathematics 


above, he publiſned a treatiſe on coſmography in 1530, and is ſaid to 
have left Ephemerides from 1534 to 1570 unfiniſhed, and ſome other 
works concerning arithmetic, algebra and gauging. He died at Ingol 
ſtadt, on the 21ſt of April, 1552. See Ain. Chron. Miſn. p. 3 50. Adams 
vitee Philgſ. Germ. p- = Lp ap en Vn p. beine per f 


r tom. i. ꝓ. 142. aint e itt Miao 
10609 George Yeachins Rheticns' e aa eds ep s Ach of Feb- 


at Tigura, he removed to Wittemberg, whete he more carefully cultivated 
that branch of learning, and became a profeſſor in the univerſity at that 
place; but in 1539, he gave up his profeſſorſhip, being induged thereto 
by the reputation of Copernicus," and went to attend the aſtronomical 


lectures and obſervations of that famous man. About this time, in order 
tmat aſtronomical calculations might be made with greater caſe and accu- 


. eee bis n ne and ſecants, for 
| each 


cnarsg. A e e , we. 
each minute and ten ſeconds of the quadrant. In this e firſt ſhew- 


ed the uſe of ſecants, or hypothenuſes, in trigonometry; and he greatly 
enlarged the uſe of tangents, formerly i invented by Regiomontanus: but he 


aſſigned for the radius a much larger number of places, than had been | 1 


done before, for the greater exactneſs of calculation. This Herculean 
tatk, however, he lived not to finiſh; but it was done by his diſciple:#@--. 


 lentine Otho, and publiſhed at Heidleberg in 1594. Rheticus's three books:;— 


on-triangles were prefixed; and a ſeparate book concerning right angled 


ſpherical triangles, The uſe of this work was ſo conſiderable in aſtrono-. 


mical calculations, that if Rhericus had undertaken no other, his name 
ought to have been mentioned with honour in a hiſtory of -aſtronomy; : 
He returned to Wittemberg in 1541, or 15423: and undertook again his 
office of mathematical profeſſor i in that univerſity, of which he was made 
dean. He died at Caſſobia, in Hungary, December the 4th, 1576. See 
Doppel- Mayer, p. 60. en Hae RI pes ge. on 4s Mate tom, i. 
P- 121. 5 er fat ff 
1610 About the lame t time Jinn . Brifas,ia an eminent phyſician | 
and mathematician, at Louvain; and who cultivated aſtronomy with great 
aſſiduity. He wrote a commentary on the coſmography of Appian, which 
work was again publiſned at Antwerp, with many obſervations of eclipſes, 
in 1584. He invented and deſeribed an inſtrument, which he called an 
aſtronomical ring. He publiſhed alſo a tract concerning the conſtruction 
and uſe of the terreſtrial and celeſtial globes; and began to make the 
neceſſary aſtronomical obſervations for conſtructing new ones, but Was 
prevented by his ſudden death, which happened at Louvain, in 1555. 
His ſon, Cornelius Gemma, publiſhed an edition of all his works at Ant. 
werp, in 1588. He invented and improved ſeveral other aronotaioal; 5 
inſtruments, which, though they were not ſufficient to make more accu 
rate aſtronomical "obs ervations, - were nevertheleſs applied to very —_ 
' Purpoſe at ſea, and he is remarkable for being the firſt who recommended. 
' a.time-keeper for determining the longitude of ſhips in long voyages. 
MP ab N N ; i fr Fn e NESS BIRT RI 
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cnAr. X. Or THE mera rinn v0 nie ik MADE TN Arkchbity 
BY THE PRINCE OF HESSE, TYCHO BRAHE, rene? AND e BE 
FORE THE INVENTION oF e e pe ; | 


b hw About the: year 26˙5 Williaw Iv. 3 8 

worthy ee perde en apoomnt cf dis nowkeiae and dle e- 
couragement which he gave to aſtronomy, applied himſelf to this ſcience; 
and with the aſſiſtance of Chrzfopher Nothmam and ius Burgius, the firſt 
an aſtronomer, and the latter an excellent inſtrument- maker, erefted an 
obfervatory on the top of his palace, at Caſſel, and furniſhed it with ſuch 

inſtruments as were then in uſe: namely, quadrants, ſextants, and tor- 
quets of braſs, made with the moſt exquiſite art. With theſe inſtru- 
ments he made a great number. of. careful obſervations; which Hevelius 
PCT ere 


in 1618. 


. . the latitudes and dongi- 
tudes of 400 ſtars, which he inſerted im a catalogue, where their places 


are reftified to the beginning of the year 1593. Burgius is ſaid to hae 


jo. him, that the time of this phenomenon, ' computed from the tables, dif- 


made a globe of ſilver plates, at the command of the prince, and to have 
engraven on it theſe ſtars. eren wee e Were e eee 
before Neper thought of them. = 
162 Paſling over — leſs une e next to the 
;aftrious Helo Brake, born of noble parents, at Knudfrop, in Scania, in 
the year 2546. His father dying while he was very young, the care of his 
education devolvad on his mother, he endeavoured to train him up to 
knowledyge and virtue; and his filial obedience and remarkable improve- 
ment, in his younger years, fo far recommended him to his uncle, George 
Brake, vrho had no children of his own, that he adopted him for his ſon, 
and placed him under the care of ſkilful tutors, until he was 16 years of 
age; and then ſent him to Leipſic. During the three years which he re- 
ſided at this place, he applied himſelf, contrary to the intentions of his 
friends, to the ſtudy of the heavens with great aſſiduity; and ſoon found 
that both the A/phonfine and Prutenic tables differed greatly from the hea- 
vens, and eſpecially 1 in mars. He obſerved the great conjunction of ſa- 
turn and jupĩter in the year 1563; and although his inſtruments were by 
no means ſuch as gave him ſatisfaction, they were ſufficient to convince 


fered 


610, - AV TRONONWY oa 
fered widely from the truth. About this time he procured a eroſs-ſtaff of 
wood, made in the manner that had been deſcribed by Gemma Prifus, with 
which he obſerved the ſtars, frequently for whole nights together, enter- 
ing eee ae and exactneſs in a book, which he kept 
for the 

1613 He [was called away from Leipfic in May 1 565, by the death of 
his nels but remained no longer with his relations and friends than was 


neceſſary to ſettle his affairs, finding them much diſſatisfied with him on 


actount of his applying ſo much of his time to the ſtudy of aſtronomy. 
He therefore left them, and went to Wittemberg; and ſoon aſter to 


Roſtock; where; in April 1567, he obſerved the ſolar eclipſe, which is firſt 


mentioned in his progymnaſmata. He went from this place to Augſburg 


in 1569, where he made a quadrant which was capable of ſhewing angles 


to fingle minutes. He- allo made a ſextant her wood greg? was whey 
eubits radius. 

1614 He returned from this pllgrimage in 7775 to his native ohm | 
where he found a patron and an encourager of his ſtudies in his mother s 
brother; who gave him an habitation at Herritz-wadt, near Knudſtrop, 
very convenient for the purpoſe of making aſtronomical obſervations. It 
was here that he diſcovered and obſerved: the new ſtar, which then ap- 
peared in Coflopea's chair: this ſtar ſhone: for ſome months with ſach 
| brightneſs, as to be ſeen in the daytime; but it died away gradually, and 
became extinct in 1574. It was obſerved by the aſtronomers of that day 
in almoſt every part of Europe, and in particular by Hebo, who aſſures 
us he loſt no opportunity of meaſuring its diſtance from other ſtars in. 
that part of the heavens, and has given us a very particular aceount of 
his obſervations in the firſt book of his progymnaſmata. | 

16715 From this ſtar Tycho, like another Hipparebus, took e to 
make a new catalogue, which contained the places of 777 fixed ſtars, 


rectiſied to the beginning of the year 1600. But inſtead of the moon, 


which was uſed by the aneients to connect the places of the ſun and erw, . 
Tycho ſubſtituted venus, as having little or no parallax, and: yet being, 


lie it, viſible both in the day and night: the manner in which he cel. 
ducted his obſervations, as well as the proceſs by which he deduced the 


of the ſtars from them, is ſhewn in his progymnaſmata. 

1616 While theſe things were in hand, Frederic II. king of Denmark, | 

to whom the Landgrave of ' Heſſe had recommended Hebo, as a young 

A wy my merit, gare * . which lies op- 
beit 
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- polite to . for an aſtronomical retreat; and Furniſhed: him 

with money for building an obſervatory, for inſtruments, and for the 
ſupport of himſelf and family. In conſequence of this manificence; the 
firſt ſtone of the obſervatory, afterwards called Uraniburg, was laid Aug. 
the 8th, 1576, and finiſhed with great expedition. The building was 
ſquare, one ſide of it being about 60 feet in length, and on the eaſt and 
weſt ſides there were two round towers, each za feet in diameter. No 
expence was ſpared in the conſtruction of the inſtruments, which were 
ſo large and ſolid, and of ſuch exquiſite workmanſhip as no aſtronomer 
had ever ſeen before. They conſiſted of quadrants, ſextants, circles, ſemi- 
eireles, armillæ, both equatorial and zodiacal, parallactic rulers, rings, 
aſtrolabes, globes, clocks and ſun-dials. Theſe inſtruments were ſo di- 


vided as to ſhew ſingle minutes; and in ſome, the arch might be read off 


to ten ſeconds. Moſt of the diviſions were diagonal, but he had one 
* quadrant divided according to the method of Peter Nonius; that is, by 


means of 47 concentric circles. The eie n, is 155 to have 
5 amounted to 200,00 Crowns. 


It may not be amiſs to e nere that the a of dividing by 


1 le which Hobo ſo much and ſo-juſtly-admired, was the invention 


off Mr. Richard Chanceler, an Engliſhman; as appears from an ingenious 
little tract, publiſhed by Thoma: Digges, Eſq; at London, in 1573, in- 
titled Alæ ſeu ſcale matbematicæ. Tycho, however, takes notice that this 
method of dividing is not accurately true, when the circles. are at equal 
diſtances from one another, and gives a method of correcting the error, 
from Joannes Ferrerius, by means of circular diagonals, which, if _ 
nued, would all paſs through the center of the inſtrument. 
15617 Hebo obſerved at Uraniburg from 1576 to 1597. but he did nt 
begin to obſerve with the new inſtruments. before the year 1582. In this 
retirement he was viſited by foreigners of the higheſt rank and diſtinction, 
who honoured him with the moſt flattering marks of their approbation 
and regard: particularly by James VI. king of Scotland, and afterwards 
of England, who made him ſeveral noble preſents, and wrote a copy of 
Latin verſes, in honoùr of him, which are ſtill extant. But theſe marks 
of diſtinction did but ſerve to haſten his misfortunes; for on the death of 
his illuſtrious patron Frederic II. this excellent philoſopher began to feel, 
very ſeverely, the effects of jealouſy, which ſome perſons had conceived 
againſt him; who could not bear to ſee ſo many favours conferred upon 
1 1 * of ſach high . and W e a 
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viſit him. They therefore repreſented to the young ing that the treaſury 
was exhauſted, and, conſequently, that it was neceſſary to retrench a 
| great number of penſions, which had been granted for uſeleſs purpoſes; 
and in particular that of Tycho Brabe, who had enjoyed it a long time, 
and therefore it was high time it was reſumed, and given to ſome other 
perſon, capable of doing more important ſervices to the ſtate. In conſe- 
quence of theſe repreſentations he was diſpoſſeſſed of the fiefs of Norway, 
and the prebend of Rotſchildren; which had been granted him for the 
ſupport of himſelf, and to defray the expence of his experiments and ob- 
ſervations; and as his on eſtate was not ſufficient for theſe purpoſes, he 
reſolved to look out for ſome proper retreat, and in the mean time re- 
moved to Copenhagen, with ſuch of his inſtruments as were moſt port- 
able, and continued his obſervations there until Chrifopher Valkendorf,” the 
chamberlain of the king's houſhold, procured an order for him to diſcon- 
inue them. Upon this he removed to Roſtock, and from thence to his 
d Henry Ranzou, in Holſtein, through whoſe intereſt with the elector 
of Cologne, he was introduced to the emperor Rodolpbus. It was to faci- 
litate| this introduction, and while he ſojourned with his friend Ranzou, 


that he publiſhed his Afronomia inſtauruta Mrbunica, which is dedicated - 


to his imperial majeſty, knowing that he was fond of mechanics, and 
other matters of that kind. By theſe means he obtained-orders to attend 
the who was then in Bohemia, and from whom he met with a 
moſt friendly reception. He had a magnificent houſe aſſigned him, 
together with a penſion of 3000 crowns. © Here he renewed his aſtrono- 
mical obſervations; and the famous Jobn Kepler became his ſcholar and : 


aſſiſtant. But ſuch is the inſtability of all human affairs, he did not en- 


joy this happy ſituation quite three years, before he died of à retention 


of urine; being carried off on tin: oa even 1601, in the 55th 1 i, þ 


of his age. 


1618 Tt is well known that Belp an wh inventor f of a new tem 'of 1 


W world, which he vainly endeavoured- to eſtabliſh on the ruins of the 


Evpernican ſyſtem. He is alſo faid to have been given greatly to the b. | 


{ſervation of omens, and to be tinctured with a belief in judicial aſtrology. 
But theſe points only add to the many proofs, which we already have, 
at the greateſt of mankind have their weakneſſes; and that hathan na- 

ture i is ever ſubject to error. His works, which are numerous, Will eyer 

de a laſting proof of his vaſt abilities. TOP were l an n 


at — in 1648, in 4to. 


48.» * Ty N After : 1 


85 The principal of his works, which have come down to us, is his. 
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* After the death of Hebo, the caſtle of Uraniburg did not long remain 
entire: for in 1652, when M. Huet went that way to Sweden, it was 
- almoſt level with the ground; and but few traces of the walls could be 
diſcoyered. The inhabitants, eren the paſtor of the church, had never 
heard of the name of Tycho or Uraniburg. One old man only, who had 


been a ant in his family, and had wrought at the building, recollected 
| theſe names! . 


1619 Of all the pupils and aſſiſtants of Tycho, while he reſided at Ura - 
niburg, Longamontarus ſeems to have been his favourite, and to have pro- 
fited moſt by his inſtructions. He aſſiſted him greatly in reforming the 
catalogue of the fixed ſtars, and in bis theory of the moon: and after his 

from Denmark, he joined him again in Germany, and aſſiſted 
in finiſhing the latter of theſe works. Fe afterwards returned to his na- 
tive country, and was made mathematical profeſſor at Copenhagen; where 
be acquired great reputation by his aſtronomical labours and writings, 


NE which contains all the diſcoveries that had been made by 
Purbach, - Regiomontanus, and Tycho Brabe, together with ſome improve- 
ments of his ewn.. This werk was printed in 1621, Some have ai=rted 
that he was acquainted with the nature of logarithms before they were 
ee had ſome. hints concerning 
| them from Longomontanus, by means of Dr. Craig, a Scotchman, to whom 
| Longomontanus had communicated them. This, however, is not probable, 
a Longomontanus lived many years after the diſcovery of logarithms, by 
Neper, was publicly known, and yet never made any ame in 
tian. He died in 1647, in the 85th year of his age. 
410620 Jab Kepler, who will always be remembered by aſtronomers, an 
account of the important diſcoveries, which he made in the ſcience, was 
born at Wirtemberg, in or about the year 1530. He began to ſtudy 
aſtronamy very early, and had a particular turn for ſeeking analogies and 
harmonies in nature, after the manner of the ancient Pythagoreans; and 
haying, as he thought, diſcovered a very curious one, he publiſhed an 
account of it in 1596, - eee to Tycho Brabe. But 
although Tycho diſapproved of the ſubject, he ſaw ſo much ingenuity. in 
7 the book, that he e him 50 rede in him at Prague, aſter he had 
put himſelf under the patronage of the emperor. Here he had before him 
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hith to empley his genius upon for the diſcovery of analogies; and with | 
more probability of ſueceſs than he had done before. 
16521 He ſoon found that aſtronomets had all erred in ſappoling that 
the orbits of the planets were circular, and their motions uniform; on'the 
contrary he ſaw, from the obſervations, that they all move in ellipſes, 
which have one of their foci in the center of the ſun; and that their mo- 
tions are all unequal, varying ©, that a ray, ſuppoſed to be always drawn 
th the planet to the ſun, deſeribes equal areas in equal times. But it 
wits not till ſeveral years afterwards that he made his notable diſcovery, of 
the analogy,” which fubſiſts between the diſtances of the ſeveral planets, . 
from the fun, and the periods, in which they perform their revolutions 
round it. He tells us that he formed in his mind a multitude of different 
Yoportions between theſe two things, all which he found to be impoſſible 
nature, when he came to apply chem to the obſervations of Hebo; and 
that it was not until the 1 5th of May, 1618, he difcovered that The 
ſquares of the een e the Tubes of an mn en | 
from the ſun.” FO 1 
7622 The ſagacity of Kepler, Joined-to his: continual Aube on ith wy 
tary motions, certainly ſuggeſted to him ſome hints of the true prin- 


munentafies concerning the planet mars, we find him ſpeaking of gravity as 
of àa power that is mutual between bodies: and he tells us, that the moon 
and earth tend towards each other, and that they would meet in a point, 


Which is fo many times nearer to the carth than it is to the moon, as the 
earth is greater than the moon, if their projectile motions did not prevent 


the moon. It dees not appear, however, that he adhered ſteadily to theſe 
notions, but adopted others afterwards; for in his epitome of aſtronomy, 


ciple, from which theſe motions flow. Por, in the preface to his Com- 


k. He adds, that the'tides ariſe from the gravity of the waters towards 


publiſhed-matly years afterwards, Ke-gives us u phyſical account ef ie "Fn 


planetary motions derived from other principles. 
1623 The ' writings of "this excellent aſtronomer are, The ne 
Myſtery, ptibliſhed in 1396. "Optical Aſtronomy, 1604. Account 
of a new ſtar in Sagittarius, 1605. Commentaries concerning che p | 
Mars. Nuncits Sidereus, of Galileo,” 16 o. Pphetnerides'from- 1617 to 
1520. Copernican Aſtrenomy in 1618 and 7622. The Harmony of 
the World, and three books em Comets, 1619. The Rodolphine Tables, 
7 Bite bende theſe he wrete ſeveral "ſmall "WOE on e FubjeCts of | 


4X2 8 geometry, 


„ 
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| geimptry,: trigonometry, and - logarithms; . alſo a Treatiſe on Dioptrics, 
which was, very deſervedly, eſteemed at that time. The time of his 

death is not known with certainty. See Meidl. p. 412. | 

1624 Contemporary with Hebe and Kepler, lived Mr. Edward Wright, 

and John Neper, baron of Merchidton. To the firſt of theſe we owe ſeve- 
ral very good meridional obſervations of the ſun's altitudes, made with a 
. quadrant. of 6 feet radius, in the years 1594, 1595, and 15963 from 
. which he greatly improved the theory of the ſun's motion, and computed 
more exact tables of his declination than any perſon had done before, 
But this. ingenious man is better known to the world for his excellent 
improvements in navigation, which he publiſhed in 1599, under the title 
of Certain Errors in Navigation detected and corrected. To. the lat- 

ter we are obliged for the invention of logarithms. A diſcovery which, 
2s the late Dr. Halley juſtly obſerves, was one bad the moſt uſeful, that has 
ever been made in the art of numbering! Accordingly, we find that the 
inſtant it was made public, it met with an univerſal reception, and ap- 
plauſe, from the learned of every nation in Europe. At home, the ſub⸗ 
jet was purſued with the moſt unremitting diligence by its illuſtrious 
author, Mr, Briggs, Mr. Gellebragd, Mr. Gunter, and many others $ and 
bf abroad, it was. taken up by Benjamin Urfinus, Kepler, Adrian Vlacq, and 
Peter Cruger; ſo that in a few years after the diſcovery, tables of loga- 
_ rithms were printed more extenie than the preſent highly improved ue | 
of aſtronomy requires. 

1625 About the ſame time al lived pa ne. ü 
buthiſtpry e us nothing farther concerning him. His His name will, | 


_  - nevertheleſs, be for ever memorable in the annals of aſtronomy, on ac- 


count of his work entitled Uranometria; which is a very complete celeſtial 
atlas, or a collection of charts of all the conſtellations, which are viſible 

in Europe. To this he added a.nomenclature, in which the ſtars. in each 
conſtellation are marked with the letters of the Greek alphabet; and by 
5 this means every ſtar in the heavens may be referred to with the utmoſt 
and readineſs. eee eee P- 488, and De ls 


1 | Lande's Aftron. vol. i. p. 143. 


1626 About this time aftronomy was cultivated by many es wks | 
| befide thoſe! mentioned above, particularly Juin Anthony Maginus, Gerard 
Alercator, Chriflopher Clavius, Francis Maurolycus, oannes Homelius, Bar- 
e and ati OY and by Thomas and Dy 

IF. ; ; | igges, 


- 
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Dee, and Robert Flood at home; but as none of * made | | 
any to derable i —— in the . it my. be ON: to have 
mentioned their names. 
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3 Beſide the! {vention of logarithms, mh has been mentioned ir in 
the foregoing chapter as contributing in ſo. eminent a degree to the ad- 
vancement of aſtronomy, the beginning” of this century was remarkable. 
for another diſcovery, of no leſs importance to it — the invention of tele- 
ſcopes. It does not, at preſent, appear with certainty when, or by whom,, 
this noble inſtrument. was firſt thought of: it is nevertheleſs certain that 
the invention is modern; for we no where find that. optic glaſſes, of any 
kind whatever, were known to the ancients. Some contend that Alex- 
ander de Sping, a native of Piſa, firſt made the uſe of glaſſes, ſo combined, 
known to the world: but it ſeems highly probable that our countryman 
Roger Bacon, who died at leaſt twenty years before him, was acquainted' 
with theſe things firſt. - For it appears very. plainly from Bacon's writings,. 
that he was well acquainted with the properties both of convex and con- 
cave lenſes, not only when conſidered ſeparately, but alſo when combined 
together 1 in ſome ſuch manner, as they are now. done in teleſcopes. He 
no where, however, gives directions for placing thoſe Zlaſſes, either in a 
tube or otherwiſe 3 and it is pretty evident, from the manner in which he 
expreſſes himſelf, that he had never done it, but wrote only from theory. 
The firſt teleſcope, that was actually made, is ſu ppoſed to have been the 
production of Zachary Jubummides, à natiye of Middleburg, in Zealand: 

and that it was made towards the latter end of the ſixteenth, or the be- 
ginning of the ſeventeenth century. This 1 is, nevertheleſs, controverted; 
and the diſcovery claimed by Jobn I. „another mechanic of the. 
ſame place. But, let theſe conteſted claims ſtand how. they will, it is 


very certain that Galileo, who was born at Florence in the year 1 4 and. 


| who, on account of, the many eminent diſcoveries and improvements 
which he made, deſerves. to be efteemed{ the morning ſtar of this century, 
which afterwards produced ſo many bright. luminaries in every branch of 
e reinventedi By. without 11 9 A than has 5 Ll 
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| ſuch an inſtrumen nt had been made. For being at Vente in the year 
1609, a vague report was ſpread, that a very ctrious glaſs Had 
been ſhewn in Holland, by the help of which, viſfble objefts, though at 
an exceeding great diſtance, would appear as if they were very near. The 
_ ſurpriſing effects of this inſtrument, though believed by ſome, were. dif- 
credited by moſt; hut the feport was ſufficient to ſet the ini iſitive inind 
of Galileo at work to find out; how ſuch a thing might be effected, and an 
inſtrument made, ſimilar to that which report ſaid had been ſhewn in 
Holland. By conſidering the I 7 of refracted rays, he faw that if 
he took two optic glalfes both gf them plane on otic fide, but on the 
other ſide, We of them a ſphetical Siet, and the other a ſphefical con- 
cave, and placed them at a proper diſtance from each other; by applying 
His eye to the concave glaſs, objects would be ſeen three times nearer, 
and nine times greater, than when ſeen naturally. But by altering the 
focal lengtlis of the two glaſſes, he ſoon made à teleſcope which magnified 
560 times; and, as he ſpared neither labour nor 'expence, it was not long 
before he produced one, which maghified near 1000 times, and made ob- 
jects appear more than | thirty times nearer. 

1628 This account is given by the great itiveritor himſelf, in wlüch he 
neither attempts to arrogate to himſelf möre, than was juſtly his due, 
nor to detract from the merits of thoſe, who had made inſtruments of 
this kind before him. He adds, that he firſt amuſed himſelf by looking 
at terreſtrial objects; but he ſoon left earthly things, and carried his 
views to the heavens: firſt to the moon, as being neareſt to us, and after- 
wards to both fixed ftars and planets, which he often contemplated with 
delight. | 

He readily perceived (| s in the face of the moon, from Which he con- 
cluded it was not ſmooth, "add and ſpherical, but unequal and rough; ; 
| having hills and valleys like our earth. He alſo diſcovered that venus put 
on the ſame phaſes with the" moon; being ſometimes round, ſometimes 
horned, and at others gibbous. That jupiter hid four ſmall ſtars'con- 
ſtantly attending on him, to which tie gave the name of Medicean flars, 
in honour of the duke ge Medicit, His tron, and who was, at that time, 
the Mzcenas of every learned man ths be $1098). He alſo discovered (as 
he imagined) that ſaturn was either compoſed of three bodies, or, as he 
expreſſed it, was in the ſhape of ati olive; for it did hot occur to him that 
the two extreme * en ke aw, wete the anſx of a ring (F 1126). 

From 
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From the ſpots in the ſun, firſt ſeen by him, he demonſtrated' that that 
immenſe body revolved about an axis; and he diſcovered, alſo, that the 
Via laftga and nebuleſe ſtars were only congeries of numberleſs ſmall ſtars, 

1629 It was not until a conſiderable time after the ſatellits of- jupiter 
had been diſcovered, that Galileo, and others after him, thought of ap- 
plying them to-the purpoſe of determining the difference of longitude be- 
tween diſtant places. Before this diſcovery, the longitudes of places on 
the earth were put down, in maps, from the uncertain eſtimate of trayel- 
lers, formed from the time, which was ſpent in going from one to ano- 
ther, The proſpect of being able to determine this important point in- 
geography by aſtronomical obſervations, joifled to the hopes, which were 
entertained of rendering their frequent immerſions and emerſions uſeful 
for the ſame purpoſe at ſea, was a ſufficient inducement to aſtronomers 
to uſe all that diligence, with which they have endeavoured. to complete 
the theory of their motions. 

1630 M. de Peireſe, upon hearing of the diſcovery of theſe fatellits, 
began to form hypotheſes, and attempted to make tables of their mo- 
tions; in which buſineſs he employed many learned men, and amongſt. 
others M. Morin, who afterwards wrote ſeveral treatiſes: on the ſubje& of 
finding the longitude: by other methods. This laſt mentioned Gentle-- 
man having invented a mechanical method of diſcovering the places of 
the ſatellits, made ſome trials of it himſelf, but not finding them an- 
ſwer, his method was never made public. He was firmly of opinion, that 
| If the times of the configurations of theſe ſatellits were obſerved at dif- 
ferent places, the difference of longitude: between thoſe places would be 
aſcertained by it; but after a multitude of fruitleſs trials to effect this, 
he entirely abandoned the undertaking, in hopes that Galileo and Kepler, 
both-of whom he heard were intent upon the ſubject, might have better 
ſucceſs. Galileo was himſelf ſo confident of ſucceeding in the reſolution: | 
of this arduous problem, by means of theſe obſervations, that he actually 
began a treaty with the Dutch for doing it; that ſtate having then been 
long intent on diſcovering. the longitude at ſea; but he did not live to 
make any conſiderable advances in this buſineſs. 

1631 Reineri, who ſucceeded Galileo in this work, under chene dcn 
of the grand duke of Tuſcany, continued his obſervations on the ſatellits 
of jupiter for many years; and intended, no doubt; to have made tables: 
of their motions, as he promiſed them to the public; when he publiſhed- 
1 of the Medicean — in the year $699) But in 1 

tion 
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edition of thoſe tables, which he publiſhed nine years iis; with 
many additions and corrections, he ſays not a word of his tables of the 


ſatellits; which makes it probable he found the conſtruction of them at- 
tended with greater difficulty than he at firſt imagined; and it is not 


known what was the reſult of all the pains which he had taken for fo long 


a time concerning the ſatellits, as all that he had written on this ſubject 
was loſt at his death, notwithſtanding the care which the grand duke took 
to have his papers ſought afte. 
- 1632 The tables, which were made, ſoinatiois' after ihe Beuth of | 
Reineri, by Hodierna, were built on the obſervations of ſo ſmall a num- 
ber of years, that they were, in a little time, totally incapable of giving 
the configurations of the ſatellits near the truth; and Marius was in fo 
much haſte to publiſh his tables apo Galileo tomy any, that he ſuc- 
|  ceeded yet worſe, © 
1633 It was not till after many ende had been made on the 
ſatellits, firſt by different obſervers in the ſame place, and afterwards i in 
places which were remote from each other, that Caſſini was able to pro- 
nounce, with any degree of certainty, what appearances of the ſatellits 
were moſt proper for determining the longitudes of places; but by many 
trials it was found that the entrance of the ſatellits into the ſhadow: of 
jupiter, and their exit out of it, are by far the beſt for that purpoſe. And 
particularly that the firſt ſatellit furniſhes the moſt exact obſervations, as 
"being the quickeſt in its motions, and paſſing the moſt directly into and 
out of the ſhadow of the planet; that, next to theſe eclipſes, the con- 
junctions of the ſatellits with jupiter, or with one another, may be made 
© uſe of; eſpecially when any two of them, moving in contrary directions, 
meet each other. And, Laſtly, that obſervations of the ſhadows of the 
ſatellits, which may be ſeen to paſs over the diſk of jupiter, are uſeful; 
as are alſo the ſpots, which appear on his face, and are carried along it 
with greater velocity, than has ee been diſcovered in any other no 
the heavenly bodies. 
10634 But while aftronomers were intent on ſettling the theory of the 
motions of this newly diſcovered ſyſtem of bodies, mathematicians were 
not leſs earneſtly employed in promoting the knowledge, and extending 
the uſe of the other diſcovery, which had graced the beginning of this 
century. Benjamin Urfinits,” an excellent mathematician of Brandenburg, 
calculated much larger tables of logarithms, than had been done by their 
Ou” inventor, and publiſhed them in 1625. But wy Briggs, Savil- 
5 lian 
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lan profeſſor of geometry at Oxford, after conſulting with- Neper, cali a 


lated them on a different plan, much more convenient for uſe that that, 
which had firſt been thought of by the inventor; making unity the loga- 
rithm of ten. Briggs publiſhed: this work at Oxford in 1624, under the 
title of Aritbmeticu Logaritbmica. It contained the logarithms of numbers 
from 1 to 20, ooo, and from go, ooo to 100,000, to fourteen places of 
figures, beſide the index. The ſame work was again publiſhed at Goude, 


in 1628, by Adrian Vlacg, with the addition of thoſe chiliads, which had 


been omitted by Briggs: but in this publication the logarithms were put 
down to no more than ten places below the integer. To theſe were ſub⸗ 
joined the logarithmic fines; tangents and whe for a and mie 
nutes, to the ſame number of places. 721521 1 e 

1635 Briggs proceeded to calculate a loxarithmieticat ni 
canon, / ſuited to that, which he had before publiſhed” for abſolute num- 


bers, and to the ſame number of places. This table was calculated for 


degrees and centeſm of degrees; and contained only the ſines and tan 
gents, as he thought the ſecants might well be ſpared. He intended to 
bave added a treatiſe on the properties and uſe of theſe numbers, but dying 
before this was finiſtied, or the other publiſhed, Mr. Henry Gellibrand 
ſupplied what was wanting, and publiſned the whole in 1633, under the 
title of Trigonometria Britannica. In the ſame year another canon of loga- 
rithmic ſines and tangents was publiſhed by Adrian Vlacꝶ, at Goude, for 
degrees, minutes, and ten ſeconds; extending, like his former, to ten 


places of figures beſide the index. This work is now become extremely 


ſcarce; but we have the logarithms! of Briggs and Vlacg publiſhed in one 
volume in 4to, at London, in 1742, by William Gardiner, though only to 
ſeven places of decimals, which is in many TR this, however,” begins 
to be ſcarce, and rarely to be met with. R105 ces 315 


41655 About the year 1633, Jeremiah Horrox, a young man of very tn | 


traordinary talents, turned his mind to the ſtudy of : aſtronomy, and by 


correcting the errors in the tables of Landberg and Kepler from his o 
obſervations , he diſcovered that the planet venus would paſs over the 
diſk of the ſun, on the 24th of November, 1639, O. 8. Of this ſingular 
phenomenon, he advertiſed his friend Mr. Crabtree, who lived at ſome 
diſtance from him in a letter dated October the 26th, 1730 deſiring, at. 
the ſame time, that he would prepare for obſerving it with alf+poſſible 


New. neee theſe to were the firſt ſince the ee ben the 
e Poſthumous Works, banks vf br., WA, EW Pad e 
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world, who had the ſatisfaction of ſeeing this extraordinary phenomenon. | 
A very particular account of this obſervation, and the method in which 
it was made, was written by Mr. Herrox, and publiſhed, after his death, 
by Dr. Wallis: it was again publiſhed by Hevelizs, together with a tract 

of his own, entitled Mercurius in ſole viſus. Belide this obſervation of the 
tranſit. of venus, from which Horrox greatly improved the theory of the 
_ motions of that planet, he made many other aſtronomical obſervations, 

and alſo formed a new theory of the moon, fo ingenious in itſelf, as to 
attract the notice and praiſe of Sir Jſaac Newton. _ This excellent young 
man died the gd of January, 1640, in the 23d year of his age. +» 

1637 About the year 1638 many learned men began to aſſemble 8 
ſelves together and hold conferences on different ſcientific ſubjects at Paris. 
This practice was firſt. ſet on foot by Merſennus.. And: ſoon after, Mr. 
Oldenburg: coming over to England, introduced the ſame. cuſtom here. 
This laid the foundation for the Royal Society, which was inc 

by king Charles II. in 1660; and in 1666 the king a Trance formed the 
unn Academy of Sciences into a regular ſociety. | 

1638 About this time, too, flouriſhed that 3 vn Heveliu, 
Rn of Dantzic, whoſe name is enobled by his many curious and 


155 learned works. In 1641 he built an obſervatory in his own houſe, at 


Dantzie, and furniſhed it with excellent inſtruments of his own conſtruc- 
tion; particularly octants and ſextants of -braſs,, of 3 and 4 feet radius, 
as well as 3 with which he conſtantly obſerved the ſpots and 
Phaſes of the moon, and from which obſervations he afterwards compiled 
his excellent and beautiful work entitled Selenographia, This noble bulld- 
ing, together with all the inſtruments and books which it contained, was 
deſtroyed by fire on the abth of September, 1679; but the memory, as 
well as the form and conſtruction of the inſtruments, is preſerved in a 
curious work of the ingenious inventor, entitled Machina Czlefirs, although 
almoſt the whole impreſſion of this work was involved in the ſame fate 
with the inſtruments, which it was intended to have eternized. The 
damage which Hevelius god i deoadfob accident was ain 
at 3o, ooo croẽwns. U. 
1639 Upon a diſpute which avoſe ae Hoeveling: and they colebenteld 
Engliſn mechanic Dr. ate, concerning the advantages of teleſcopic 
fights, which Hevelius did not uſe, Dr. Healey, who was juſt then returned 
from St. Helena, where he had been to obſerve: and form a catalogue of 
the ars in the ſouthern hemiſphere, at the inſtance. of the Royal S0- 
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ciety, viſited. Hevelizs; and May 16th, r679;: found only a few. ſeconds 
difference in meaſuring the diſtance of the fixed ſtars, ſpica virginis and 
regulus three ſeveral times. June the gth, in the morning, Haley ob- 
ſerved an occultation of jupiter by the moon with Hevelius; and they de- 
termined the moon's diameter to be 30 53“. Halley owns that ſeveral re- 
peated obſervations, made with Hevelius s ——— differed but a very 
trifling part of a minute from each other. At this time, when the ſupe- 
riority of teleſcopic ſights is ſo far eſtabliſhed; by experience, that no other 
have for many years been uſed, the names of theſe two great men may be 
ſcarcely ſufficient to procure credit. to this degree of accuracy in their ob- 
ſervations, with thoſe who are not acquainted with the manner, in which 
the ſights of Heuelius s inſtruments ee wen 1 aſl therefore _ 
the following ſhort account of the. N tte r e een 
In the inſtruments, which Hevelius uſed; 3 aght * e Was A 
plane, furniſhed with two ſlits, exactly parallel to each other, and per- 
pendiculan to the Plane of the. inſtrument; both of which was made uſe 
of in each obſervation. The fight. moſt. remote from the eye was a cy - 
linder, the diameter of which was exactly equal to the diſtance between 
the two ſlits in the ſight next to the eye. Now it is evident, that a little 
before the ſtar came exactly into the direction of the ſights, it would be 
ſeen through one of the ſlits, but would be hid from the eye, when ap- 
Plied to the other, by the cylinder, which formed the remoter ſight. 
When the ſtar had paſſed the direction of the ſights it would-be:hidden 
from the ſlit, which it was viſible through before, and would then be ſeen 
through the other: but in the intermediate ſituation between theſe two; 
that is, in the very direction of the two ſights the ſtar would be viſible, 
for an inſtant, through both; and it was the buſineſs of the obſerver to 
bring the ſights into this ſituation; or if fixed, to note the inſtant, when 
it happened. Theſe fights. were the invention of the noble ycbo Bralr; 
and, perhaps, nothing ſets the ingenuity of this great man in a fuller 
point of view than they. did. Beſide the writings, which-have been men 
tioned above, Hevelius publiſhed Prodromus Afronnmiæ cum integro: 
Catalogo, deduced: een nen Ton with 12 wh benſs m and 
octants. (313 5.89 4 6 > nt oe 
1640 Abbas the year 1666, es aber ah Dui Gee | 
begun to be built at Paris; but it was not finiſhed until r656;;whewrthe 
uſe of it was aſſigned to M. Cafini: and in 1671 it was furnifhed with 
inſtruments at a great expence. The Royal Obſervatory. at Greenwich 
was built 1 in 1676, and Mr. Flamfted appointed & to rage uſe of it. Ever 
| ” to 3 _ 
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ds to what ere eee bas been carried by'tho'obſervas 
tions, that have been made here unden dt 03,0520 
1641 After the death of Galileo, which happened! in 1642 and indeed 
prior to that time, teleſcopes were greatly improved by many ingenious 
men. Pri: Fontana, a a Neapolitan by birth, invented the aſtronomical 
teleſcope with two convex lenſes; and made one of 50 palms; with which 
he ſaw roughneſs and ſpots in the moon, the phaſes of mercury and 
venus, ſpots in venus and mars, jup iter's belts, ſaturn tricorporeum and 
anſaumn. Cbriſtian Huygens, of Zulich, in Holland, made alſo longer and 
better teleſcopes, than had been done before; and particularly one of 123 
feet long, which is yet preſerved in the muſeum of the Roya yal Society. 
With cheſe he conſtantly; and carefully, obſerved the fun, moon, and 
ä Planets, for a long time, and coneluded that ſaturn wasericompaſſed with 
a ring; from the various poſitions of which to the earth had ariſen all 
thoſe phaſes, which ſo much perplexed aſtronomers: He diſcovered alſo 
the fourth ſatellit, which he called the moon of ſaturn, and wrote a 
treatiſe concerning it, entitled Syſema Saturmium. He was the firſt, who 
applied pendulums to clocks. About the ſame time alſo J epd Campand, 
dat Rome, applied himſelf to the grinding of glaſſes for! long teleſcopeo, 
which far excelled all others, at tliat time. Through the munificence of 
Lewis XIV. Caſſini had ſome made by this artiſt; of 100 and 200 palms. 
Cuampani ſaw the ſhadow of faturn's e Ts as alſo his zones, 
or obſcute belts; and detected the:ſhadows of jupiter's ſatellits in paſſi 
over: his body. It was with one of 'Compan?'s: teleſcopes that Caſſini 
aw all the ſatellits of ſaturn; and the Royal Academy are ſaid to have 
had excellent teleſcope glaſſes of this artiſt's making, which were of 200 
n 300 feet focus, and that magnified four and five hundred times. 
1442 About the year 1666 M. Auzout applied a' micrometer to tele- 
Fan the purpoſe of meaſuring the diameters of the planets, and 
other ſmall diſtances in the heavens; but an inſtrument of this kind had 
been invented many years before by Mr. Gaſcoigne; r in not 0 
ee that this was much known abroad at that time. ; 
1643 But notwithſtanding all theſe. improvements in the e 
5 of teleſcopes, they ſtill laboured under two very obvious, and, at that 
time, apparently irremovable imperfections. The firſt was their great 
length requiſite to admit of any very eonſiderable magnifying power, and 
the ſecond was the incorrectneſs of the image, and erhich was then ſup- 
e er * ene e 9 "yp e a n ah 
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of the lens. Perſuaded, as they were at this time, that all the imperfec- 


tion of the image aroſe from the figure of the lens, and that it was utterlix 


impoſſible to remove it, ſome ingenious men turned their thoughts to- 


wards ſpecula; and amongſt theſe,  Merſennus appears to have been the 
firſt who propoſed a teleſcope of this kind in a letter to Deſcartes v; but, 


as it ſhould ſeem, in ſo obſcure and unſatis factory a manner, that De- 
ſeartes could not underſtand it; and he laboured to perſuade. Merſerinits 


that the principle was falſe. After him, James Gregory, of Aberdeen, not 


only propoſed, but ſhewed, how a teleſcope with ſpecula might be con- 


ſtructed in his Optica promota, publiſhed in 1663. But this ingenious 
man, having no turn for practical mechanics, was incapable of realizing 


his invention by the actual conſtruction of a teleſcope. Gregor had ſhewn 
that to form a perfect image of an object, the figure of the ſpeeulum muſt 


be a parabola; but Sir aac Newton, who ſoon after applied himſelf, not. | 
only to improve the theory, but to perfect the mechanical part alſo, b 
actually grinding ſpecula himſelf, ſoon; found that to give the great metak 


ſuch a figure, as the theory required, was, if not utterly impoſſible, ſo 


extremely difficult, that he deſpaired of doing i it: he therefore laid ſpecula 
aſide, — turned his mind towards improving and perfecting the ſcheme; | 


which had been propoſed by ae. This, as every one knows, was 


to obtain a more perfect image of objects, by grinding lenſes into the 
figure of one of the conic ſections, inſtead of a ſphere. It was during his 
purſuit of this object, that he made his ever memorable diſcovery ofthe 
different refrangibility of the rays of light: a diſcovery which: ſoon con- 
vinced him, that the errors of teleſcopes, ariſing from the ſpherical figure 
of the lens, were not ſo great by ſome hundreds of times as thoſe, which 
aroſe from this property in the rays of light; and, therefore, that it would 


be to no purpoſe to correct that error, while another}! of ſo much greater 


magnitude, remained; and for which even the happy genius of Neon 
could then diſcover no remedy. This eircumſtance forced him to turn 


his thoughts again to reflectors, and was the fortunate means of prevent- 


ing the noble diſcovery of Gregory from periſhing in its infancy. This 


was about the year 1668; and in 1672, Neuton preſented to the Royal 
Society two reflectors, which were the work of his own hands: the great 
| of theſe were both ſpherical; not that he was unaware: of the 
ſuperiority of the parabolic form, which had been propoſed by. Gregory; 
but becauſe he thought himſelf unable to give the metals. that form. He, 
£ Tamura! did not deſpair of its being effected by others; not, as he. writes, 
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by geometrical rules, but by mechanical devices,” which practice and 
experience in the working of them might acquire. Thus we ſee, that al- 
though Merſennus was the firſt who thought of a refſecting teleſcope, Gre- 
gory was the firſt who ſhewed its advantages, and how it might be made, 
and Newton the firſt who effected it. 3 

1644 It has before been obſerved, that when the Royal Obſervatories 
e ene eee dae they were-puttiato.the ande uf G 
and Flamfted; men whoſe fidelity and diligence were equal to their learn- 
ing; and, much to the praiſe of both nations be it ſpoken, they have ever 
_fince been occupied by ſuch excellent men; to whoſe labours we owe 
many improvements in aſtronomy. It was this Caſini who erected the 
gnomon, and drew the famous meridian line in the church of St. Petro- 
nia, at Bononia, and which, with his other labours and diſcoveries, ren- 
der him worthy of immortal honour. He continued more than 40 years 
at the head of the Royal Obſervatory at Paris, where he made many ob- 
ſervations of the ſun, moon, planets and comets, and greatly amended 
the elements of their motions. His works were publiſhed by his ſon, and 
ſiucceſſor, J. Jumes Cuſiui; eee eee 2 

2 vrho very deſervedly enjoys it at preſent. 

1645 r by Mr. 
Flamfted, at Greenwich; who not only made obſervations on the fun, 
moon; - planets and comets,” which appeared in his time, but on the fixed 
ſtats alſo; of which he has given us a new catalogue, containing upwards 
of 3000 ſtars, eee eee eee and 
declination: their places being rectiſied to the heginning of the year 1690. 
Amongſt theſe are the places of many ſtars, which are ſo ſmall that they 
_ «cannot be ſeen without a teleſcope. He : gave us new ſolar tables, 
and a new theory of the moon, . — He alſo 
n very curious tract on the doctrine of the Fs, in which he ſhewed 
how to conſtruct eclipſes of the moon and-ſun; as well as occultations of 
the fixed ſtars by the moon, geometrically; — — upon Mr. Nam 
bee e eee a Bra gyr m RO eee een 
3 
: e muſt not condude this'd 
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1675. In 1681 he returned to his native country, where he was made 
profeſſor of aſtronomy at Copenhagen, and honoured with the title of 
mathematician royal. At this place he applied himſelf to the ftudy and - 
practice of aſtronomy with great ſucceſs; and was the firſt aſtronomer, 
who made uſe of a meridian teleſcope. Deſcriptions. of all his inftru- 
ments, and his valuable three days meridian: obſervations of the ſun, © 
moon, all the planets, and 80 of the principal fixed ſtars, called Tyiduum 
Rotmerianum (being the only obſervations of his, which eſcaped the fire 
that burnt the obſervatory at Copenhagen in 1728) were publiſhed in a 
book entitled Bafis Aftronomie, by Peter Horrtbow, one of his N 3 
who EINE him in ao een. at r. e . o 420 
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| io Abous che berieting of the ene century e e 
nomy ſeemed to be almoſt at a ſtand: Even the genius of Flamſted ſerved 
only to ſnew that it had arrived at its utmoſt limits, unleſs great ima 
provements could be made in the conſtruction of inſtruments. It is true 
Rozmer invented ſome new inſtruments, capable of more exactneſs than 1 
thoſe which he found in uſe; and the genius of Dr. Hvoke was turned that 

way in a very peculiar manner: but notwithſtanding this, either-through 
the unfavourable circumſtances of the times; or through want of ſkill in 
the artiſts, which they employed, nothing was done towards bringing 
them into uſe, and practical aſtronomy languiſhed through want of means 
to exert itſelf, But at the very time when this was the caſe with practi. 
cal aſtronomy, the ſpeculative branch of this ſcience was raiſed, at once, 
to a greater degree of perfection than could have been hoped for from the 
united labours of the — learned men, for many ages, by the amazing 
ius of one man — the immortal Newton! this inimitable man pub- 
liſhed his Philoſophice naturalis Principia mathematica in 1687; another en- 
larged edition of it was printed in 1714, and one yet more complete in 
1726, This moſt admirable work gave an entire new face to theoretical 
aſtronomy; the laws which Kepler, and others had felt for, as it were in 
the dark, with many other laws, equally important, were here inveſti- 
gated by a direct analyſis. But by a fatality which often attends great dif. - = = 
coneiees tinea eee RIPLEY: 1 
years,” | 
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years, by te mathematicians and philoſophers of foreign rountriesz who 
vet adhered to the abſurd doctrines which had been broached by Deſcartes, 
n deſpite even of the moſt rigid demonſtrations of their falſhood. True 
it is, theſe things were delivered, by their illuſtrious Author, in a very 
conciſe mannet; and, therefore, notwithſtanding ſome celebrated mathe- 
maticians, even amongſt themſelves, publiſhed, from time to time, ex- 


cellent pieces of analyſis, which generally coneluded in one of Newton: 


propoſitions; yet, as the general connection of thoſe, with the other 
Parts of his works, was not feen, they continued blind to his ,excellen- 
cies, Which: were known to, and acknowledged by his countrymen alone. 
In England, however, his diſcoveries were illuſtrated and explained hy 


divers learned men; amongſt whom were Halley, Clarke, David Gregory, 


- Keil, Whiſton; and many others. But that,” after Newton's ſyſtem had, for 
ſo lang a time, been neglected, it ſhould all at once be. univerſally. r 
ceived and approved of (5 1475), is not to be attributed to chance, or 


5 _ the caprice of faſhion, as ſome, who are ignorant of it, are apt to think; 


and from thence to expect, that ſome other ſyſtem will hereafter take; its 
place, and bury it in oblivion. The ſyſtem of Newton, like that of Ca- 
- pernicus, is ſo agreeable to the phenomena of nature, and ſo well put to- 
gether, that it m laſt, as long as truth and reaſon endure. And al- 
though time may, perhaps, bring the word attraction into diſuſe; and 
though it may no longer be thought eſſentially inherent in matter, yet the 
laws,of-gravitation; as they are now rer and e this He 
founded. Will never be forgotten. oboe] £355 i; 
TY +1648. It was alſo in England, * M. de la Gaille, that 4a fieſt efforts 
were made to render aſtronomical obſervations- more perfect by the 1 im- 
provememt of inſtruments; and it is thither we yet go for the moſt exqui- 
ſite productions of this kind. That famous mechanic, and watch - maker, 
Graham;\made. new inſtruments with an accuracy that ſurpriſed every one. 
He alſo greatly improved the principles of: wateh-work, and brought 
clocks to go with greater regularity than they had ever done before. The 
old eight feet mural arch at Greenwich, che firſt of its kind, was made 
V hig ercellent man, as was alſo a ſmall, but curious equatorial ſector 
for mabang obſervations out of the meridian: but he is chiefly. remarkable 
for .contriving the zenith ſector of 24 feet radius,” and afterwards one of 
12 feet, by which the aberration of the fixed ſtars, was diſcovered; by Dr. 
Hadi (8 848); This celebrated diſcovery was communicated to the Royal 


Hociety: in 3 (5837). W in N; 406 of their 
__ tranſations. 
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tranſactions. It ſets out with relating ſome curious obſervations made on 
the ſtar Y Dracoms, begun by Mr. Molyneux, and himſelf at Kew, in 1725, 
with a ſector of 24 feet radius, in hopes of verifying, what had been 
communicated to the public, by Dr. Hooke, concerning the parallax of 


the fixed ſtars. Theſe obſervations were afterwards continued by Dr. 
Bradley alone at Wanſted, upon that, and other ſtars, with a ſector of 
12+ feet radius, which he found fully ſufficient for the purpoſe; as its 
ſituation could be ſecurely relied on to half a ſecond, when it was care- _ 
fully adjuſted. But theſe obſervations turned out quite contrary to What 


Mr. Molyneux and the Doctor expected, and to what an annual parallax 
would have produced; which gave occaſion to call the accuracy of Hooke's 
obſervations in queſtion, and obliged Dr. Bradley to look out for ſome 


other cauſe for theſe appearances. Having completed a year's obſervations, 5 


and compared them together, he luckily conjectured that they aroſe from 


the combined effects of the progreſſive motion of light and the annual 


motion of the earth in its orbit: and the obſervations agreed ſo well with 
this hypotheſis, that eee ww wrote _ it, owns it cu not. 
be accidental. - 

1649 In 1719 Dr. Halley, arts De la Kune ſays; was one con- 


tradiction the greateſt aſtronomer in England (I believe he might have 


ſaid in the world) ſucceeded Mr. Flamſted, as Royal Aſtronomer, at Green- 
wich. In 1676 he had been ſent by king Cha#les II. at the age of 21, to 
the iſland of St. Helena, to obſerve the ſtars in the ſouthern hemiſphere, 


and to make a catalogue of them; and he publiſhed it in 1679. In 1705 _ 


he publiſhed his Synop/i aftronomie Cometice;, a work which though ſmall 


in bulk, is the reſult of immenſe calculation; and deſerves to laft as long 


as aſtronomy itſelf. It was in this work, judging from the ſimilarity of the 


circumſtances attending two or three comets, which had appeared nearly 
at equal intervals of time, that he ſuſpected them to be different returns f 


the ſame comet; and, from thence, was enabled, the” firſt of any man, 
to predict the return of one in 1758, or 1759'(F 1301). Halley publiſhed 


many learned diſſertations in the tranſactions of the Royal Society, parti= 
.cularly that relating to the uſe which might be made of the tranſit of the 
planet venus over the ſun's diſk, if+ it be carefully obſerved in proper 


places. He appears alſo to have been the firſt who diſcovered” the accele- 


ration of the moon (F 1075), and gave a very ingenious method of de- 
| termining her parallax from three obſerved phaſes of a ſolar eclipſe. He 


| WW moon, and all the planets; and, in "the firſt 
| | 44 nine 
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nine years. of his being at Greenwich, made near 1500 eration of the 
moon; all which he compared with the tables, and noted the differences, 
Which he thought would return in the ſame order, after a period of 
about 18 years. He continued theſe obſervations with great diligence till 
uithin a few. months of his death, which. neden the, r4th of Ja- 
nuary 17424. 

0 During the period that Holley was at Greenwich aſtronomy was 
not. altogether neglected abroad. The attempt which was made in France 
to meaſure a degree upon the earth gave riſe to a very warm diſpute con- 
cerning the figure of it. Caffins, from Picart's meaſure, concluded that 

the earth was an oblong. ſpheroid:: Newton, from a conſideration of its 
diurnal rotation, and the laws of gravitation, had ſhewn that it was an 
oblate one, flatted at the poles, - To determine this curious point, with 

certainty, by actual menſuration, Leuis XV. K. of France, reſolved. to 
have two degrees of the meridian meaſured, one under, or very near to 
the equinoctial, and the other as near as poſſible to the north pole. To 
perform the latter, the Royal Academy of Sciences at Paris made choice 
of M. M. De Maupertuis, Clairaut, Camus, and le Monier, members of 
the RI and M. the Abe Outhier, a correſpondent of the ſame Aca- 
| 'Theſe were joined by. M. Ceiſius, profeſſor of aſtronomy at Upſal : 
| _ et out from France in the ſpring of the year 1736, and returned in 
. the autumn of 1737; having performed the buſineſs of their miſſion, in a 
manner that was ſatisfactory to all Europe (5 1192). For the ſouthern 
expedition M. M. Godin, De la Condamine and Beuguer were ſelected, and 
to them the King of Spain joined Don George Juan, and Don Anthony de 
Naa, two very ingenious gentlemen, and officers of the marine. They 
left Europe in the ſummer of the year 1735 ; and, after meeting with in- 
numerable hardſhips, dangers, and delays, from the nature of the coun- 
try, and the circumſtances of the times, finiſhed their obſervations, and 
returned to Europe, by different ways, and at various times, in the years 
1744. 1745 and 1746. The reſult of this arduous undertaking is now 
well known. Newton inveſtigation was confirmed, by experiment, in 
the completeſt manner poſſible, and P:cart's meaſure was reviſed by Caſſini 
and De la Cailk, and his errors corrected; after which it was found to 
agree very well with the other two: While M. M. Boaguer and de Ja Con- 
damine were in Peru on this occaſion, it occurred to them that the New- 
tonian theory of attraction might be put to the teſt alſo, by obſerving the 
. ok ſome of ** Os had * W- 
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of one of their largeſt inſtruments (F 1200), and which, on trial; turned 
out to be about 7 or 8 ſeconds of a degree: ami 1 
not to have been made in the moſt ſatisfactory manner “. 

10651 The reflecting teleſcope, which had been invented: by , 
and executed by Newton, was greatly improved by Mr. Hadley, and a very 
complete and powerful inſtrument, of this kind, was preſented to the 
Royal Society, by him, in 1719. The ſame gentleman has rendered his 
memory immortal by the invention of the reflecting quadrant, Which he 
preſented to the ſame ſociety in 1731, and which is now in univerſal uſe 
at ſea; and, without which, all improvements of the lunar theory would 

have been uſeleſs for determining the longitude, through the want of an 

inſtrument proper to make the obſervations with. It, however, appears 

that an inſtrument, exactly ſimilar to this in its principles, had been in- 
vented by Sir Iſaac Newton, and a deſcription of it, together with a draw. 
ing, given to Dr. Halley, by the inventor, en eee g en Pe e 
ee 1 %% 75 077 

1652 On the death of Hailey, in 1742, he was ſucceeded at the Royal 

Obſervatory by the Rev. Dr. Bradley; who, if he was inferior to Haley 
in the powers of mathematical inveſtigation, greatly exceeded him in the 
practice of aſtronomical obſervations. Bradley was the firſt who made 
obſervations capable of detecting the leſſer inequalities in the motions of 
the planets, and fixed ſtars. He had already diſcovered, and fully ex- 
plained the aberration of the fixed ſtars, and the nutation of the earth's 
axis; and he now applied himſelf, with the utmoſt aſſiduity, to the per- 
feQing of the lunar tables. He alſo obſerved the places, and computed 
the elements of the comets, which appeared in the years 1723, 1736, 1743, 
and 1757, which are printed in the philoſophical tranſactions. He made 
new and elaborate tables of the motions of jupiter's ſatellits, from his own 
obſervations and thoſe of Dr. Pound, which are added to the tables of 
Halley. He was not only an accurate but an unwearied obſerver of the 
ſun, moon, planets, and fixed ſtars; and from the multitude and accu- 
racy of theſe obſervations he was enabled not only to give the moſt accu. 

5 rae table: of the mean refractions, yu extant, but 4 bad "give path 1 1 BE 


* 


9 In the Scion Qtion here res che manner in which M. ales bet tha WOE HH 
miſunderſtood, at the time when it was written. One of the flations was on the ſouth ſide of the the 
mountain, nearly in te plane of the meridian, which paſſed through its center of gravity, and the 
other almoſt in ſame Parallel of latitude, but about a league and half to the weſtward 3,4 that 
Ja of attraction, i in the direction of the meridian, became 8 ſmall, in EN of what. 
i was in the 2 — | 


* 14 a1 0 : f 4 2 2 OT ; "cellent | 


7 cellent rules for computing the variations of, thoſe refractions, ariſing 
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from different Kates oi the nr; as A by "the barometer and ther- 
7 mometer. * 

1653 In the year 1750: be hai a very Ginn tranſit inftamzent to 
be made for the Royal Obſervatory, by Mr. Bird, inſtead of the ſmall one 
which had. been-uſed by Halley, and alfo a new mural quadrant, of braſs, 
which-is of eight feet radius. With theſe inſtruments he began to make 
obſervations on the heavenly bodies with redoubled ſpirit and induſtry; ſo 
that between this time and his death, which happened on the 13th of 
July, 1762, he made obſervations for ſetting the places of all the ſtars in 
the Britiſh catalogue, together with near 1500 places of the moon; much 
the greater part of which he compared with the tables of Mr. Mayer. 
 *x654 Between the years 1740 and 1750, the theory of the moon, 
which had been given long before, by our illuſtrious countryman Newton, 
in a general way, began to be conſidered by many eminent mathemati- 
cians: in particular by M. M. Clairaut, D- „Euler, Mayer, Simpſon 
and Walmſley: But amongft theſe,” none diſtinguiſhed themſelves in ſo 

eminent a degree as thoſe celebrated men Clairaut, Euler and Mayer; and 
if the two former have, in ſome reſpects, ſhewn greater depth of ma- 
thematical knowledge, the laſt has- been much more happy, than they 
were, in a ſkilful arrangement of his tables, for the eaſe and expedition 

of computation. In conſequence of theſe exertions, M. Euler publiſned 
his lunar tables in the Almanac Alronomigue, printed at Berlin, for the 
year 1750. M. Clairaut s tables came out in 1752, in anſwer to the prize 


| queſtion, which had been propoſed by the Imperial Academy of Sciences 


at Peterſburg, in 1750: and Mayer publiſhed his in the Gottingen Alis for 
17533 in which he excelled both the former, not only in caſe and ele- 
gance of computation, but in exactneſs likewiſe: — owing, perhaps, in 
ſome meaſure, to the judicious uſe which he made of a number of Dr. 
Bradley's obſervations, ſent by Mr. Gael Morris to M. Euler, and given 
by him to M. Moyer. In theſe' tables, the errors in longitude never. ex- 
ceeded two minutes: and, having yet farther improved them, he ſent a 
copy to the lords commiſſioners of the Britiſh Admiralty, in 1755; and 
it was this copy which Dr. Bradley compared with his obſervations, as 
mentioned in the preeeding article. His laſt corrections of them were 
afterwards remitted over by his widow, for which ſhe, and her child- 
Teck received a reward Wan the commiſſioners of ee of t 
e | 


1655 While | 


4 : 
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1655 While. ſo many learned men were el on the lunar tables, 9 


| thoſe of the ſatellits of jupiter were not neglected. Beſide what was done 


in England by Mr. Pound and Dr. Bradley, which has been mentioned 


above, M. Wargentin, a moſt excellent aſtronomer of Sweden; publiſhed | 
a ſet of tables for computing the times of the eclipſes of theſe ſatellits in 
the Upſal Acts, for 1741; and the ſame i ingenious gentleman has ſince - 
given us emendations of them, at different times, which far Ong any. 
thing that had been done, og this head, before. 


1656 The conſtructing and dividing of large aſtronomical EP Wes Eh? 


was alſo, about this period, carried, perhaps, to the utmoſt degree of 
perfection, they will admit of, by Mr. Jobn Bird, a moſt excellent artiſt; 
and whoſe labours are the ornament and moſt valuable furniture of the 


capital obſervatories in Europe. Reflectin 8 teleſcopes were brought to 5 5 


great perfection by Mr. James Short. This ingenious: artiſt was alſo, the 
firſt who executed the divided-obje&-glaſs micrometer: it had been thought 
of by M. Louville, and ſeveral other perſons long before; and a deſcription 
of one, agreeing nearly with Mr. Sbore's inſtrument, had been given by the 
late 1 ingenious Mr. Dalloand, in the Philoſophical Tranſactions for 175 33 
but if it had not been for the-great ingenuity and ſkill of Mr. Short, in 
figuring and centering glaſſes of this kind, it is highly probable the thing 
might yet have remained, as it was, — an n tg without be- 
ing ever brought into practice. 

1657 From the time that Mr. Hadley had found means to conſtruct re- 
flecting teleſcopes, both on the principles of Gregory and Newton, with ſo 
much perfection, refracting teleſcopes had been ſinking gradually into 
difuſe, and would, in all probability, ſoon have been totally laid afide b7 
aſtronomers. The notion which had been entertained; even by Sir 1/aac 

Newton himſelf, that the divergency of the rays of light, ariſing from the 
difference of their refrangibility, was always proportional to the refract- 
ing power of the medium, had become ſo generally received by opticians, 
that no attempts were made to improve retracting teleſcopes before. the 
late ingenious Mr. Jabn Dollond, who has been mentioned; above, took 
them in hand. This able optician in the courſe of many optical experi- 
ments, diſcovered that, contrary to the general opinion, the refractions 
of two priſms, if made of different kinds of glaſs, might be equal, and 
yet the divergency of the rays, ariſing from the difference of their refran- 


; gibility, might be very conſiderable. This led him to conclude that there 


might b be equal divergency with different degrees of refraction, ; and if ſo, 


that | 
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that refraction might be produced without colours. Subſequent expe 


ments fully proved the truth of this ſuppoſition: and from this — 
he has found means to conſtruct refracting . which are e 


7 nts e eee eee 


- © 1658 Many important improvements were made to the ſcience of aſtro- 
_ nomy in France by the two Can, and James Philip Marald; who was ne- 
phew to the father, and many years a worthy colleague with the ſon, in the 


of 5 Royal Obſervatory at Paris. We find many gf their works diſperſed in the 


 Menwirs of the Royal Academy of Sciences. Beſide theſe, and others, who have 
been before mentioned, France produced many very learned men, who 
cultivated and improvettthe ſcience of aſtronomy; amongſt whom it would 
be unjuſt not to diſtinguiſh the induſtrious; the accurate, and faithful 
Lewis de 1aCaille, to whom we are indebted for a moſt excellent ſet of 


bpddlar tables, in Which he has made aHowances for the attractions of jupi- 
tter, venus, and che moon. In 1750 this excellent aſtronomer went to 


the Cape of Good 


Hope to make obſervations, in conſort with moſt of 


_ .. the celebrated aſtronomers in Europe, for determining the moon's hori- 


- zontal parallax,” as well as that of the planet mars; and from thence that 
of the fun alſo. From theſe obſervations it appeared that the folar pa- 


frallax could not greatly exceed 107, While he was here, he re-examined 


and adjuſted the places of the ſouthern ſtars, with great accuracy; and 
- meaſured a degree of the meridian at that place. In Italy aftronomy was 
cultivated with great aſſiduity by Sigur Bianchini and Father Boſcowich at 
Rome; Euftachius Manfredi and Profeſſor Zanotti at Bologna; Father Frifi 
at Milan, and many others. Sweden produced, beſide M. Fargenten, M. 
M. NXungenſtern, Mallet and Planman, In Germany, the celebrated Euler 
and Mayer ſhone like ſtars of the firſt magnitude, attended by the | 
Euler, M. M. Lambert, boy "Rye, e corn "Father" Het, at Vienna, and 
poorer ee 
| — Hinte of TENOR de beginning of the year 1760, 
when all the learned ſocieties in Europe began to prepare for obſe 
the tranſit of the planet venus over the ſun's diſk, in the following year; 
which our learned countryman, Pr. Edmund Hatky, with immortal repu- 
tation to himſelf (4 1357), had foretold more than eighty years before it 
happened; and at the ſame time had ſhewn, what an important uſe aſtro 
nomers might make of it. Unfortunately for the cauſe of ſcience, many 
of the aſtronomers, who were ſent out to obſerve this fingular phenome- 
| Hon, were 3 and 2 W from reach- 


ing 


„ a. W 
ing thoſe places, which were moſt proper for the purpoſez and.othars : | 


were diſappointed: by the badneſs of the weather. It moreover happened 
that the circumſtances of the phenomenon were much leſs advantageous 
for the purpoſe of determining the ſun's parallax, than had been expected 
by Dr. Hulle, owing to the faults of the tables, which he made uſe of; 


ſo. that notwithſtanding there was reaſon to believe the parallax of the 


ſun, deduced from the obſervations of this tranſit, was very near the truth, 
yet aſtronomers were left ſomewhat in ſuſpenſe, and to hope for a more 
ſatisfactory account of it from the nen of that _—_ was to * 
pen in 1769 (§ 1360 & 1361). 2 
| Upon the deati> of Dei Waden i ia oy eee 
felſorſhip at Oxford by the Rev. Mr. Hornſby, a young man, but a very 
ingenious aſtronomer; and at the Royal Obſervatory by the Rev. Mr. 
Bliſs, Savillian Profeſſor A ſtronomy at Oxford, who being in a deelin- 
ing ſtate of health, when he was appointed, lived to hold the obſervatory 
but a very little time; and was ſueceeded by the learned and indefatigable 
Nevil Maſteline, D. D. the preſent Aſtronomer Royal, whoſe memory will 
be rendered immortal by his aſſiduity and ſucceſs in bringing the lunar 
method of determining the longitude at ſea intq general practice. | 
1 ſhall here cloſe the hiſtory of aſtronomy; the moſt delightful, the | 
moſt extenſive, and the ſublimeſt ſcience which the great Author of Nature 
has held forth for employment to the faculties of man: the ſtudy of 
which, perhaps, firſt led mankind to the true knowledge of his great 
and allwiſe creator. For although a * tradition, ſpread through all na- 
tions, from the firſt ages of the world, teaches us that all beings owe 
their birth to the operation of Gad, and that nothing, which exiſts, has in 
itſelf the power of exiſting, independently of the influence: of that Su- 
preme Being; yet ſome of the ancients have ſaid that the univerſe is full 


of different divinities, which manifeſt themſelves under ſenſible images tio 


our eyes, our ears, and all our organs of ſenſe: but if this notion of the 
Deity makes it ſomething eaſter to explain the effects of the power of 


God, it does not at all agree with his nature. God is really the maker 


and preſerver of all things; but we muſt not have the ſame conceptions 
of him as of a mortal artiſt... He operates-inſtantaneouſly, without pre- 
meditation, inſtruments or aſſiſtance of any kind.” The multitude and 


. Expoſition. du ſentiment J. As ſur le mechaniſme gineral de rennen. et ar . vers de 
fon auteur. E's de Trevoux, aout Tr 


variety 


(„ 
cariety'of his works give him no-embarraſſinent or wearineſs: endowed 


| . and unlimited, he operates at all times, and in 


A places; or all kinds of matter, and of whatever form, with equal 


eee God is manifeſted. in all his works, 
— — that it beams forth in its greateſt luſtre. He has 
choſen his reſidenee in the moſt elevated region, and therefore we call 


mim e Mat gb. From thence the energy of his action is propagated 


with: graduab diminution down to the loweſt place, the earth, which we 
inhabit. From thence he directs the courſes of the planets, determines 
the cireumſtances of their motions, and fixes the times of their revolu- 
tions. As a general at the head of an army, he gives the ſignal to the 
heavenly bodies; and immediately they ſhoot forth through immenſe 
ſpace, and follow the tracks which he has marked out for them: ſome- 
times ſhewing themſelves to us, and ſometimes diſappearing, on account 
of the great variety of their motions and phaſes. It is in conſequence of 


4 the laws laid down by him that the moon goes round the earth in a month; 


eben. e and venus in à year“; mars in two years; jupiter in 
twelve; and ſaturn in thirty. It is he that has combined together the two 
motionnepE: the ſun, one from eaſt to weſt, which conſtitytes the regular 
viciſſitudes of day and night; and the other, his declining from ſouth to 
north and from north to ſouth, by which means the ſeaſons of the year 
rought about. He it is, who, at the appointed times, ſends ſalutary 


are b 
_ winds; and fruitful rains and dews; who gathers together the waters in 


_ . their ſources, and eauſes them to flow from thence in the beds of rivers 


to their great receptacle, the ſea. It is he who makes the buds to open, 
the fruits toripen; and animals to be prolific: in fine, it is he who orders 

all beings according to their different natures, and regulates the viciſſi- 
tudes of their birth, their growth and diſſolution, which conſtitute the 
whole of their duration. But hat chiefly deſerves our admiration is, 
that this multitude of effects: ether alike or different, is produced by 
the moſt fimple means: thoſe hotiies neareſt to the Deity + receive their 
- co ap appears F ars from this- om this paſſage that 7755 hadl"elibraced that ſyſtem of the world, which is by 


Tran ancient Egyptians: but as Arifotle lived be- 
I 


fore fore Copells by 1s evident 2 nce —_ was no nyentor of it. 


+ It is eaſy to ſee that the here is . A= God is every where eq ually preſent, 
all bodies are equally near o him. But according to the doQrine of 4riforle God is — very where 

aſtually preſent, in hi real Gevce, bir paly” by ih cates "of N See the note upon this 
_  pallage, cpr e e | 


motion 
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motion immediately from him and communicate it to thoſe which. are 


contiguous; thoſe ſucceſſively to others, until it goes through all nature. 
Motion therefore is ſimple and uniform; and the various kinds of it, 


which we obſerve, are cauſed by the different forms or affections of the - 


bodies which receive it. Thus, throw a globe, a cube, a cone, and a 


linder out of a veſſel at the ſame time, and you will ſee theſe four ſolids, 

ough incited by the ſame impulſe, take different motions, according: to 
the. diverſity of their figures, and their poſitions when they iſſued. out of 
it. Here we ſee, in miniature, a repreſentation of what nature exhibits 
in the great. All its parts. are put in motion by one and the ſame, im- 


pulſe, but this force is differently modified, according to the different 


diſtances and peculiar qualities of each body: and from hence ariſes-the 


variety which is perl cop in the direction and velocity of different nn ZES 


but eſpecially in thoſe which we ſee in the heavens. _ 

For the reſt; if the author of ſo many wonders is to us inviſible, we 
are not, on that account, to deny his power, or his exiſtence. 1 cannot 
ſee my own ſoul, and yet the effects it produces in me, and around me 


are ſenſible proofs of its exiſtence: in like manner God, inviſible in him- 


ſelf, is viſible in all his works; and in them appears equally ſtrong in 
power, admirable in wiſdom, eternal in duration, ſupreme in perfection, 
and free from all pollution: he inhabits a place illuminated by everlaſting 
light; and, being himſelf immoveable, moves all nature at his pleaſure. 
As we ſee in great cities that the law, always fixed and invariable in itſelf, 
directs and produces the vaſt variety of employments of the citizens, and 
turns them a thouſand different ways with reſpect to the different condi- 
tions, apprehenſions and ſentiments of each of them, ſo in the vaſt city 
of the univetſe, God, who is the firſt, the'moſt equitable, and moſt per- 
felt of all laws, cauſes all the _— Rk Ragan, n not ſubject 
to chan 
Sod i ORE one; but different names have been given to him, taken 
from his different operations and relations to us. He is called Him by 


whom all live, becauſe it is he who animates every thing. He is ſaid to be 


Son of Time, becauſe his duration extends from ages without begin- 
ning, to ages without end. They call him the Thunderer, the Sender 8 
Lightening, the Giver of Rain, tlis Director of Harveſt, the Guardian of 
Towns, the National, the Social, the Hyſpitable, the Victorious, the Expia- 
for, the Avenger, the Saviour, the Deliverer, the Celeſtial, the Terreſtrial: 
in ſhort, he has as many names as there are beings or events; becauſe 


[> thers Wer 


— 1 


be, whom we worſhip under the name of Fate, or Neceſſity, becauſe he 
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chere is nothing in the univerſe whereof he is not che firſt cauſe, It is 


diſpoſes, according to his pleaſure; the deſtinies of this world. He ties 
together, by infallible laws, that chain of cauſes and effects, which we 
ſee inceflantly ſacceed one another, with ſuch , and. without 
intermiſſion. Fortuhe is only God, confidered as the diſtributor of go 
_ andevil; The fable of the three fiſters, Parcæ, of which one 


all ages Ini fine; God, to make uſe of a very ancient ſaying, holds in 
his hands the beginning, the middle and the end of all things, and leads 
them every ane to their end by direct and certain ways 1 
follows him, ready to puniſni the breach of his laws: he, and he only, is 
happy, who, after the erample of the Deity, never forſakes that in- 
ww rn RY =o ee virtue true) ee, qoopty is never to be 
unde 54 ee be ee ee ee » 9 
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as a part only of his ſecond volume. Before the time of his death he 


had finiſhed and printed off the fourth, and 'a ſmall part af the fifth 


book, viz. the three firſt chapters of it, and the beginning of the fourth, 


mcluding p. 654. He had indeed printed off the leaf following, which, 
it Was thought proper; ſhonld be cancelled, and the new part begins 


pP. 655. A few hints only were left in the Author's on hand writing to- 


Wards finiſhing the remainder, which may, now and then, be perceived = 
in the courſe of the Work. One inſtance of this kind occurs p. 663, re- 


lating to a converſation which he had held with the old Lord Pembroke. 
A ſhort time before he died, he had deſired Mr. Dunthorn, whom he no- 
minated one of his executors, to finiſh the Work. Mr. Dunthorn made 
indeed a rough draught of the remaining part of it; but being much en- 
gaged in public buſineſs, by his being appointed ſuperintendant of the 
works of the Bedford Level Corporation, his avocations became great and 


| unavoidable, and he left it at laſt in a very imperfect Nate. After his i 
death, Mr. Wales, F. R. S. Maſter of the Royal Mathematical School in 


Chrilt-Fleſpital, and Editor of the Original Obſervations, made by him- 
felf and others in the eourſe of a voyage round the world, was prevailed 
upon to reviſe and correct Mr. Dunthorn's continuation, and to complete 
it upon the original plan, ſketehed out and begun by the Author himſelf, 
in that part of the fifth book Nhich kad hagen printed before he died: and 
it is owing to the cate of Met Wales thititiaMow preſented to the Public 


in its preſent ſtate. It must -b6-farttier;obferved, that the Rev. Dr. 


Maſkelyne, Aſtrenomer Royal, Vut of his eſteem for the late Author of 


this Work, hath been pleaſed 10 Pay a kind attention to it. In te 


fourth book, particularly in the 4 M, a leaf or two hath been ean- 


eclled by his advice, and hach been replaced with ſome material improreqe- 


ante, The Work concludes with the opinion of * concerning 
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ADVERTISEMEN T. | 
the general mechaniſm of the World, and the nature of the Maker there- 
of, as it is inſerted in the Memoires de Trevoux for Aug. 1761. Our 
Author himſelf had intended it for the concluſion of his Work, and had 


©” tranſlated it from thoſe Memoires with that view, and the continuator 


hath found it neceſſary to make therein but very few alterations. The 
paſſage itſelf from whence it is taken is curious, and will repay the Reader 
for any trouble he ſhall take in comparing the extract with the original, 
Which is to be found i in the two laſt e NE — 8 Treatiſe con- 
* cerning the World. | 
Our Author was bor Feb. 20 1680; O.S. in the pariſh of: St. Pete} 

Thetford, in the county of Norfolk, at a place called Croxton Park. He 
was educated at the Public School in Norwich, and was admitted into 
Pembroke Hall March 4, 1 696. He took the degrees of Bachelor and 
Maſter of Arts at the uſual times after his admiſſion. He was elected 
| Fellow of the College March 6, 1703. At the public Commencement 
celebrated at Cambridge 1714, he was appointed to ſpeak the Muſic 
Speech, which was then publiſhed, and reprinted 173... 

In the year 1716, he was inſtituted to the Rectory of Overton Water- 
ville, in the county of Huntingdon, upon the preſentation of the College, 
and in the..year.. wing he his Fellowſhip, by a letter dated 
Dec. 24, 1717, from Market Boſworth; in Leieeſterſhire, in which year 
he had been entered as Fellow-Commoner at Emanuel College, where he 
reſided for ſome time as private Tutor to Sir Wolſtan Dixiee. 
He afterwards returned to Pembroke Hall, and read public Lectures 
there in Aſtronomy, which he continued for many years of his life. 

In the year 1728, he procceded to take the degree of Doctor in Divi- 
nity, and on the Commencement Sunday he preached before the Univer- 
ſity, on the Bleſſedneſs of Believing, from John xx. 29. and publiſhed 
his Sermon at the requeſt of the ene and other Heads of 
COP: 155 
| the year 1731, he publiſhed The Rights of Churches and Colleges 
defended, in anſwer to a Pamphlet by Everard Fleetwood, Eſq; with Re- 
marks on ſome other Pieces upon the fame Subject. This Treatiſe came 
out under the name of Dicaiophilus Cantabrigienſis, 

Oct. 12, 1733; he was elected Maſter of the College, upon the nig 
nation of Dr. John Hawkins, of Pennans in Cornwall, and in the month 
* he was choſen Vicechancellot 9 the Vnirerlity.. 
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March 16, 1 749, he was elected Lowndes's Aftronomical and Geome- 
trical Profeſſor in the Univerſity of Cambridge, and was the firſt Profeſſor 
upon that foundation “. 
In the year 1752, he vacated the Rectory of Overton Waterville by 
ceſſion, having obtained the Rectory of Bradwell, near the ſea, upon the 
preſentation of Thomas Hawkins of Trewithen, in the county, of Corn- 
wall, Eſq; a near relation of the late Dr. Hawkins, his immediate Fe- | 
ceſſor in the Maſterſhip. -—- | q 

In the year 1757, he publiſhed an edition of profeſſor Oskley Hiſtory 
of the Saracens ; to which he prefixed an Account of the Arabians or Sa- 
racens, of the Life of Mahomet, and of the Mahometan, Religion. It 
appears that he employed himſelf in this Work upon a principle, of.bene- 
ficence, For it is ſaid, in the title- page, to be printed forthe; ſole henefit 


of Mrs. Ann Oakley, by permiſſion of Henry Lintot, ;Eſg; ho had pro» - 
bably the copyright of the Profeſſor's Hiſtory. She was fdapghter of the = 
Profeſſor, and is ftill living. . PRA, 23011683 1400 a 
Our Author died Dec. 16, 1779, havir nearly. complied A 8 
tieth year. EDA 1131325 019% 163 offs n 
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paſſover, 540.— en number, 523. 

Fink ib. + TOI and g allen 5 
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=—_ calendar, Fancy — ln b 55 55 


d 14. Err, era, 536. 
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*/* Chap. Ig. Of cm ets, 1 54. 8 


_wob 4 #5 To 2 in 


greateſt velocit 3 4 — 9 
Head 2 — f different mag- 


Rome, i 


„„ 


Comet of 680, 
heat, ib. Cauſed the deluge, according 
tio Whiſton, 558. — The returm ef 2 co- 
met 8 y. Halley, 560. — Uſe of 


— 


Chap 1 . 45 1 keting of 


the __ and 3 l or 


4. —— Calendars, or diaries, — 
Engl —— 9 foretel weaker, 


tion, $34 N 
Natural 


een of the world, 


awed" F ans '\of comets, 553. 
—— e 


Halley's 
comets falling ito Bo un, Ny $63 —OOPPIY , 
= . a 


ee e of ——— 
niſts, 594. —— Plato's opinion of che ſor- 


jun, June 6th, 1761: the parallax 
of the fun: the'atmoſphere and ſatellit 
. of venus: the latitude of c 


Found by a gnomon, 5 5. 


Parallax of the ſun, 576. On of ve- 


nus, Ra- $77 7. — Her atmoſphere, 578. 
tellit, 580. Solſtice * cl at 
(Cambridge 582. —— Latitude of the place, 


* BOOK Iv. 


Chap. r. Natural philoſophy what: iti ufer 


tbe creation of the world, according to 


ancient and modern 74 — 585. 


Eg ſophy 3 — 85. — Impor- 

tant uſes of it, 586. —— Opinions of phi- 

loſophers, concerning the formation of the 
univerſe, ib. Arguments for its eterni 
anſwered. ib. — Ancient philoſophers in 

Deiſts, 587. —Deſcartes Opinions, 

— Plenum, 16. Denied the motion 

of the earth, 75. His firſt elements what, 


$88. — Mode of 8 for the for- 


mation of the ſun, planets, & c. and their 
motions, ib. werte en ib, —— Dr. Bur- 
net's 1 Shewn to be neither 
agreeable to cripture or found hilof 
by Keil and Woodward, 590 l = Woo: 
ward's Natural Hiſt. of the end ib .— 
Its deſign, ib. Why ſea-ſhells, '&c., are 
found on. the tops. of mountains, "pH 
Leibnitz's opinion conterning the origen of 
the earth, LAS 91. —— Whiſton's Theory, ib. 
Magneti — n — 
ie adopted by Whiſton, 592. 
—— — — — ſo 2 
1 — 
— ſeveral theories compared 


mation of the world, ib. 


cb. 2. . emfititio of th 


Colmieal, ib. — „ or ara | 


»— ĩ ð Ä 


and moderns: 2 Newtonian philb- 


y. b definitions of time, ſpace,” 8 
ter and motion, 395. 


0 of the anelents concerning the 
ſent conſtitulion 55 


a, v ul faut 570, | 


of the univerſe, — 
» 595+ The 


C O k N T E N / 'T 4 S, 3. 


. Principal diſcoveries of the moderus before 
Sir Iſaac Newton, 597.— ewton's me- 
thod of philoſophizing, . ib. Laws to be 
obſerved. in it, ib. Lime, Bee ace, 
and motion, are both abſolute and relative, 
598. — Abſolute time what, ib. Re- 
tive ditto, ih. — Abſolute r 
Relative, ib. Abſolute and relative place 
what, ib. Abſolute motion, ib. Re- 
lative motion, 599- —— Matter defined, i. 


8 ib. — ib. ——Cen- 
, tripe orce, oy IPC ute ntity 
of centripetal force, ita meaſure, * 
Accelerative centripetal force, ib. — Mo- 
tive centripetal force, ii. Gravity what, 
ib. No mechanical cauſe to be afligned 
3 af motion, 


bodies: pendulums: proj ecti les: centri- 
petal farcs: repulſion: electricity, o. 


Gravitation explained and ĩlluſtrated, 604. 


The notion of gravity not new, 605. 
Law of gravitation, 606. —— imenrs 
to prove it, ib. Pendulum hat, 60%. 
Its uſe, ib. — Laws of it, ib. Mr. 


Graham's quickſilver pendulum, ih, — - 


The gridiron pendulum, ib. Lever pen- 
dulym, ib. Laws, of deſcendi 
diſcovered by Galileo, 608. — Projectile 
_ ih. Thy of mo a bes in vacuo, 
ib. — Theory ' of. projectiles, — 
. to the planeta 92 

he planets deſeribe ellipſes, 611.—Whi- 


ſton's opinion on this head, A 4a The- 


ry of the diurnal motions, 10. The 
| of theſe. motions on the figure of. the 
planets, ib. The moon impelled round 

orbit by a, projeQile force, and:retained 
in it by a centripetal force, 614. —— That 


the force which.retains the moon in her or- 


bit is the ſame with that by which, a ſtone 
falls to the earth was diſcovered by. Newton, 
th, — Proof of this propofition, 4. —— 
Jupiter and faturn, when near the conjunc- 
tion, diſturb each others motion, 15. 
Theſe planets probably diſturbed by the ac- 


tion of comets, ih. Various phenomena 


ſpace, th, — 


bodies 


motions, 610, 


cauſed by attraction or gravitation, 1. — 125 
Other kinds of attraction, 615. —Repul- 


fion inherent in ſome bodies, ih. Greateſt 


in the air, 616, —— Air contained in all 
bodies, ib. — Sir Iſaac Newton's Ether, 


617. — The Author's opinion, . 
Electricity, 618. Writers on it, 16. 


particularly deſcribed, ib. Whiſton's 
opinion, (p. 613.) cenſured, 619, —— C- 


mets not ſo liable to diſturb the motions of 


the planets, on account” of the excentricity 
and various fituations of their orbits, 620. 


by the attrattion of” _ 


motion cauſed 
the fun, 620, 


= 


Uſes reſulting from the knowledge of it, ih. 
——- Magnetiſm, 619, — Pendulum more 


; 


The 8 of the periodical times of bodies | 


revolving about a center are as the cubes of 


their ances, 620. The attractive 
force of x body is as the quantity of matter, 
15. Irregularities of the moon owing to 


the action of the ſun, ib. Illuftrated, - 


621. — The form of the moon's orbit 


variable, 622. —— Apogee and perigee of 
the moon what, 623. — Line of the ap- 


ſides what, ib. Moon's anomaly what, 


625 —— The place of the nodes of the lu- 
nar orbit changed by the action of the ſun, 
626. Mean motion of the nodes retro- 
grade, 627. — The plane of the lunar 


orbit changed by the action of the ſun, 628. 


he earth and moon neareſt the ſun 
when the earth is in perihelion, 629.— 


The diſturbing force of the ſun is then 
| greateſt, ib. : | $5.3 


- 
* 


Chap. 5, The tides, 629. 10 | 


Meaning of the word, 629. —— The tides 


influenced by the moon, ib. Kepler the 


firſt, who thought the waters gravitated to: 


ir Iſaac Newton, 7, — T 


wards that pact th, ——_— Demonſtrated to 
do ſo by — The 
nature of this influence explained, 630. 


The tides influenced by the ſun, 631. 


Height to which they rife in the open ocean, 


ib. — At the Severn mouth, 1 


Greateſt tides in the ſyzygies, and at the 
equinoxes, 632, — The tides influenced 


5 B 2 


by. the wing, ib, —+ Sir I. Newton's. ex- 
planation of the cauſes of the tides, 6333 
1 p — y . | - Chap 


c Or 


5 — nutation rc 634. 
=" aclaurin's explanation of the cauſe of the 


_ preceſſion, 634. The Author's explana- x 
tion of it, 635. —— The nutation of the 
22 . 1h, —— Diſcovered. Bt. | 


——— Deſcription of Dr 


ley's fr cop 637; — The — of 


the planetary orbits variable, 638. 


quantity of that change calculated, TY 


5 = vantity of the preceſſion 1 
Th: iquity of the ecliptic variable, l. 
Chep. may * 5 Fo Os. 
\ Brabe, &c. 640: 


e eee . 


author} 740. — Was received by the an- 
cient Greeks, 8), 4: Phe fyſ- 
| 2 Ariſtotle, ib. The Pto- 


leni cored bofers the 
—— geverallyapy The Prolemaic 
e cxphinod, 195 — af er 


centrics.. 2 


— 1 | 


rat; x en 
8. ad N 644. 
Objections to the whole'creation 2215 ) 
5 re e ng 

2 df worlds eèmbrabed | 
ee ee 5 

| treatiſes en thir frgers charges eritted, — 
Campatitive' heat'of che ſun inthe feveral 
_- plajiets 80. jeRioh T0 this doctrine, 64. 


ee ter nd Tri Yonex thoright not 
bita e e ar dre i 
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+ Is 
Fel 
. 


e days in the ſeveral planets no-objec- 
_ tion to their being inhabited, 646. 
Theſe ſpeculations not of moe 


A Fi r 
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Chop. 1. Introdudtion the Hi of — 


1 eee, 647. , 
Saler of Aſtronom „6. Coſta 
Leven to Martin Maria Folkes Shy . * Ti 
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Heathcote's Hiſt. of Aſtronomy, . 
— Efteve's Hiſt. of Aftronomy, — His 
1 of Weidler's work, ö. Of 
3 ib. — De la Caille's Hiſt. of 
Aſtronomy ee paſt, 1b. De la 
Landes Aftronomy, 649. —— The 
firſt and laſt of theſe works | chiefly follo wed 
by ü the author, ib). 


he Chap. .  Afrnony of the Antedile 


on £4 vans, 5 


TORE Fa, + N 


The (dence. of aſtronom 


#,-—— Adam 9 not 1 4 -fome- 
knowledge of it, 650 — Adam's hymn. 
from Milton, 15. — Seth an aſtronomer, 
© according+to Joſephus, 65. — The au- 
thority for it conteſted by Shuckford, ib. 
The great length of life which the _— 
luvians/ enjoyed favourable: to the ſtudy of 
aſtronomy, 15. —— Noah probably retited 

into China after the flobd, La corſa wi 

him all the knowledpe of the Antediluy | 
_ 652: The early knowledge” of the} 

year" of 60 common 1 te rd 

aſtronomy was  eultjpared very early, 6 


r 


5 zh Te IB 7 
n "464 4} 26 63 1 18 —— bs 1%; « act ; 
Seen Ce concerning, Uranus, 653. 
Atlas, . Prometheus, ib. Endy- 
ens. of abus ah aher. = ie 
"AVXP N RN 


= 506 1 and 
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SE: * oe 
 Uiccrtdin's * bk th e gyp- 
tant firſt cultiva ted ſi. "7, 2 uh nations 


Ee to an 1 in the 


vations found 
at Babylon Amo as. carly 2s the flood, ib. 
Authorities for the antiquity and accuracy 
of the Thaldean aſtronomy, 655. —— The 


- Chaldeans gbſerved eclipſes 720 years before 


keonſequence: | Chrift, 655. — Tower of Belus deſerib 
10 us, 15. —— Milton . ee 


145 haldeans formed ſeveral of 
conſtellations, ib. Knew the length 


of the ſolar year 6. — Qbſerved com 
19. —=Greatly tes to aſtrology, 72 
— Character of Montucls's Hiſt. des 


themat. 10. Length of the ſyderea} year 


Soy to the Chaldeafls, [qe ial- 
g known amongſt them, i, — Dial 


A 658 — he Egyptians 26 _ 


, c O 
their of as the Chaldeans, 
1b.— — o the-pyramids a 1 


ol it, ib. Had obſerved 1205 eelipſes be- 
fore the time of Alexander the great, #6. 
— Had obſervations of the ſtars 2500 
| s before Chriſt, id. Their firſtknow- 
*.4 1 in aſtr aſeribed to Seſoſtris ib. 
: ws They had meaſured the magnitude of 
the earth, 659. — Syſtem of the world em- 
braced by them, ib. — of the year, 
- according to them, ib. —— Their ſothic 
year, 660. Circle of Oſymandyas, ib. 
- ——— The Egyptians" fond of aſtrology, __ 
Sonne ; 
Chap... 5.cliftronomy_ of the Chineſe, and 
vue ortentals; G0: #9" 


Ona, of the Chinels to. an Lg GH: 
in aſtronomy, 561. Noah, conte 


mpo+ 
ark with, and probably the. ame perſon 
with Fohi, ib. Yao, the 6xth emperor 
from Fohi, taught them aſtronom RN and the 
length of the year, ib. Date of the Chi- 
neſe chronology, ib. The Chineſe igns 
of the zodiac, 662. — The names of their 
- conſtellations, ib. Form of their con- 
ſtellations, 662.— Skill in predicti eclip- _ 
ſes, ib. Their early obſervations of then, 
- 664; — Remarkable uſes made of one om 5] 
them, ib. The truth of their obſerva- 


tions to be ſuſpected, 665 — Chim the | 


S hom, 1t 
meridian attitu t | 
' 666. — Had Treatiſes — 9 2 
which were written 200 years e Chri: 
ib. — Teheou- cong, a celebrated Chineſe 
_ aſtronomer, lived 1000 years before Chri 
1. — Their tribunal for aſtronomy, ib. 
- ——— Bonzes, or the diſciples of Fo, 10. 
They bold the dectrine of metemiy 


- the Chineſe ut preſent, ib. 


S — 6G eral learning Fra, 9 
668. What it conſiſts in, b. The 


proper motion of the ſtars known, to them 
- 284 years 'after Chriſt, 16. Its quantit 
{according to them, ib, — Aſtronomy 
the Siameſe : e of the In- 
diane, ib, © * 3e 


Chap. 6. Aft ronomy of the bent Oreeks 


before ee of te lee, 
' drian ſeboot, 669... 


The Greek aſtronomy not ſo ancient as . ; 
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"Jn by 
onautic expedition, i ib, — Time when 

How flouriſhed, 670. ——— Thales travelled - 

into Egypt, 1b. —— Determined: the height 


ir I. Newton to the time of 2 125 


of the pyramids, 76. Flouriſhed about 1 ; | 


- 615 years before hriſt, 6716; The firſt 
- who predicted a { 
ed the conſtellation of ſhe leffer ur 5 — | 
 —— Meaſured the ſun's di meter, 6 32 
- Obſerved'| the ſolſtices, 7 2 bletyed 
: eclipſes, 15. — And e by invented, ot 
introduced the uſe of the gnomon into 
Greece, ib. Made 2 ber: 15. — 
Made the firſt Log i. ——Pherecydes 


taught the uſe of d gnomon, 5. 
: Neue, noe of the | 
ſun ib. be ty „ 
872 —Beme the head ef .the It 
ib. Held the earth to bea'globe;: 
i That dhe bnd ens inyche unter of 
the mundane ſyſtem, ib. . And! thatithe 
Planet oehus Was- bath the and 


morning ſtars abi —— Philolaws fr taught. | 


abt eee, ra the 
ſum, 6 an eee omen luna —— 
. * obrig — 


22 — 


obdligs don 6e the academics and: (nm 
ed. ita 


ied Lande e 
——;dipdied n E [oft — 
Frongly on the neceſſity of making-obſerva- 
the 


BL Kanno Hema | 
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3 $4758 33K as 
kl = The Greeks.owed their 
E ledge In F Chaldeans 
aue of FORE FELT! ; 
Chap. 7. ring” the Greok after 


"the foundation of tie Alexandrian 


Foundation: of the Alexzadrian kehcol by Po- | 
lemy. Philadelphus, 677. —— Timocharis 
and Aryſtillus the firſt Obſervers there, ib. 


—— Aratus the aſtronomical poet, 678, 
— Ariſtarchus of Samos an afſertor of oa 


ana | 


\ ecliple, Ib Form- 3 8 8 


r. 

22  Pythagorean-ſyſtem, ib. Eratoſthenes 
| Athens to Aleaxandria, ib. 
* magnitude 1 the earth, ib. 


KB Os A | is - 24h 6 brought man s relating to 
4 >. - Þaftronomy from. Babylon, ib. Archi- 
| modes the greateſt mathematician and aſtro- 


momer amongſt the ee, 679. — De- 
| RE OE termined the dimenſions of the mundane 
PEE. 1 — Made aſtronomical obſerva- 
duns, 5. The manner of his death, ib. 
BEES — Hipparc hus obſerves at Rhodes, ib. 
= | Diſcovercd the orbits of the. Planets. to be 
IF eccentric, . 680. —— The motion of the 
> _ _ .. moon's 9 pod and the pteceſſion of the 
| E. . — Attempted to, meaſure 
„FF e diſtance of the · ſun from the earth 75 

| metricnl from 


1 K com — obſervations at Rhodes, 


5 fo "of ee theg e latitude of 
2 o Sqyrna bh art aſtronomer 


Wrote the Almageſt, ib. His f. 
mageſt, eee work eee into 
e 8 


Chap. 8. ny. of the Arabian, 
Perſam, and Tartars, 683, © 


Europe funk in barbariſm From che Sth to the 

24th century, 68 Formation of the 

Arabian empire, 16.4 taſte for the ſtudy 

| of aſtronomy introduced —_— the Arabs 
A by Almanzor, the zd caliph, 5. — The 
- caliph Almamon cultivates aſtronomy, ib. 
Siipolates with Michael II. for leave to 

ſearch Greece for books of ſcience, 6. 
Determines the obliquity of the ecliptic, ib. 


Fg : Alferganus wrote 
684 —— 4 
Antioch, ib. — Canftructed aſtronomical 

tables, 15. — Diſcovered the motion of the 


5 ſerved eclipſes at Cahir, ib. Naflir-Ed- 
_ din Ettuſi obſerves at Maraga, ib. 
* Denis, the Fabals Nennen, i. —— 


3 books of ſpherjes, "poured 


= r Ihe — 


5. lebe 2 is ſuppoſed, by the ſons 


—— Meaſures à degree of the earth, b. 
lements of Aſtronomy, 
lbatcgnivs: made obſervations at 


ſun's apogee, ib. Obſerved the quantity 
of the preceſſion of the equinoxes to 8 
degree in 50 years, b. Ebn Vounis ob- 


E N T 8. | 5 
nſophi and Arzache), Aman ed The 


det · ben · chora make aſtronomical 0 xva- 
tions, 685. Alhazon wrote a — of 
optics, ib. Ne Beigh grande 
| 8 * 8 A 908 . of 
feet radius, ib. Compo Arena | 
tales toy | for the meridian of 9 _ 
Made a catalogue of the fixed * 
 —— Weowethe eee Gee 
-nometry to the Arabians, ib. ——- * 
bians had the ten digits from, the Indians, 
686, —— Arzakel author of the Toledo 
tables, ib. The Arabians kronghs aſlro- 
nomy into Europe, 46. 


Chap. 9. Of the reftoration: of afironomy 
in Europe, and its progreſs ro 1230 | 
to 1560, 686. - 


The emperor Frederic H. 8 to reſtore 
learning in Europe, 686. Cauſed many 
learned works of the ancients to be tranſlat- 
. ed, ib. John de Sacroboſco the firſt oxi- 
ginal writer on aſtronomy after the reſtora- 
tion of that ſcience in Ewogpe, 1b. Al- 

phonſus X. conſtructed new — 
— 687. — Roger Bacon tau e 
| — lenſes at Oxford, ib. — Vi. 
[ATA a-Polander, wrote on. optics, ib. 
Profatius a Jewiſh. aſtronomer, ib. Pur- 
bach revived· aſtronomy, ii. — Publiſhed 
a, Latin commentary on the Almageſt, a8 
tranſlated from the Arabic, ib. Wrote 
on, and made ſyn-dials, 688. — Muller of 


| rapezuntius, ib, —— 
Fries aſtronomy, » 6 , —- Made uſe. of 
= 15.— 1 erner flouri ſhed, ib. 
; blerved- r motion of à comet in 
500, ib. Wrote many books on aſtro- 
nomy and and geometry, 699. —Odſerved the 
precęſſion of the equinoxes to be 0 in 100 
years, ih. Was the firſt who. propoſed 
the. method of finding the longirods at ſea, 
by obſerving. the moon's diſtance from the 
ſun and ſtars, ib. James. Faber wrote 
on aſtronomy, 691, — Dom. Maris prac- 
tiſed aſtronomy, ib. Copernicus flouriſh- 
d, ib. Obferves the of the Pto- 
lemaic * 692. — Grows: diſſatisfied 
you it, ib. Examines all the —_ 
„ particularly thoſe of Capella and 
= Pergeus, ib. —— Approves of 
that 'of Pythagoras, 3 _ 


0 | 


N 
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make tables on that hypot | 
pur undertakes to make obſervations, 


heſis, and for that 


. — Division of his work, 695. 
Death, 69 a r Schoner ſtudies aſtro- 
my, ib. — Makes many eſtronomical 
dſervations, - ib. —— Peter Nonius made 
dnomical obſervations, 697, — His me- 
dd of dividing inſtruments, 5, —Wrote 
the nature and cauſe of the twilight, ib. 
navigation, ib. —— Shews the errors of 
Intius, 16. Peter Appian ſtudies aftro- 
P. 698. — Dedicates his Czfarean 
nomy to Charles V. ib. _— Obſerved 
comets, ib. — The firſt who re- 
mad that their tails were always turned 
ohe ſun, ib. Rheticus flouriſhes, 
» + Computes tables of natural - fines 
vents, &c. to every 10th ſecond, ib. 
mms Fuſius applies himſelf to the 
ſtudy \ the mathematics, 699. Was 
the firlkyho recommended a time keeper 
for detFining the longitude at ſea, ib. 


Chap. 10.\f the improvements in aftro- 


nomy befo\the invention of teleſcopes. 


William Landhsve of Heſs cultivates aftrono- 


my, 700. Aſſiſted by Chriſt. Rothman 
and Juſtus Bipivus, ib. Formed a ca- 
talogue of the\fixed ſtars, ib. Tycho 
Brahe born at Nnudſtrop, ib. Is ſent to 
Leipſic, ib. Studies aſtronomy, ib. 
Obſerved the new ſtar in Caſiopea's chair, 
701. Made a new e of the fixed 
s, ib. Recommended by the Land- 
grave of Heſſe to Frederic II. K. of Den- 
mark, ib. Builds the obſervatory at Ura- 
niburg,-702, — Account of that ſtructure, 
i, — The inſtruments it contained, 1b. 
—— Diagonal diviſions invented by Richard 
Chancellor, b Theſe diviſions not accu- 
rate, 16. Corrected by Ferrarius, ib. 
—— 12 eareſſed by perſons of the higheſt 
rank, i 6p 3k ag on this account, 306. 
—— The death of his patron, ib. His 
misfortunes in conſequence of it, ib. 
Entertained by the emperor 
— The inventor of a new ſyſtem, 15. 
His death, ib. Longomontanus aſſiſted 
Tycho Brahe, 204. Said to have known 


the uſe of logarithms. before Neper, ib. 


Kepler's particuler turn for ſpeculative aſtro- 
nomy, — Becomes acquainted with 
Tycho Brahe, ib. Diſcovered the orbits 
of the planets to be elliptical, 205. That 

8 8 


the ſquares of their period je times ib "RE 22 the 
cubes of their diſtances from the ſun, i. 
— Had ſome notions of the printiple f 
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avitation, iþ . His writings, 56. 
Edward Wright diſcovered the true princt- 
ples of conſtructing ſtraight lined charts, 
706. —— Lord Neper invents logarithms, 
15, ——Logarithms improved and calculated 
by Briggs, 16. —_ Cultivated by Gellibrand, 

unter, Urſinus, Vlacq, &c. i#, John 
Bayer publiſhes his Uranometria, ib. her 
eule 


vators of aſtronomy in this period, ib. 


Chap. 11. The biftary of nftronomy from 


the invention of teleſcopes to the end 


the effets of a combination of optic glaſſes, 
07. —— Contended for by , Alexander de 
pina, ib. —— Teleſcopes-firſt actually con- 
ſtructed 
Claimed by John Lipperhoy, i5.—Gati- 
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leo re-invented them, ib. ——Diſcovered the 


irregularities in the moon's ſurface, 708. 


— — That venus put on the fame phaſes 
which the moon does, 106. Jupiter's ſatel- 


lits, and ſaturn's ring, ib. Difecve 
the ſpots in the ſun, and its revolution on 


its axis, 709. The cauſe of the via lactea, 


15. The nature of nebuloſe ſtars, ;h.—— - 5 


He N to make uſe of the ſatellits of 


jupiter for finding the lopgitudes of places, ib. 
1 de Pact 8 2 Wes of 


of finding the longitude, e Galleo' 
treaty wih the Dutch for finding the lon- 
gitude at ſea, ih. Remeris Adedicean 
tables, ib. Gave,no tables for the ſatel- 


Tits, 710. Hi" tables and thoſe of 
* Merws, for the: fat | 


| ts of no uſe, ib. 
Caflini's ſucceſs in this buſineſs, 1b. 
Progreſs made by Urſinus, Briggs and Vlacq, 
in the calculation. of logarithms, 711. 
Gardiner's edit. of Logarithmic { abies, ib. 
orrox, by his on obſervations, corr 
the theory of Venus's motion, ib. Difſ- 


covered that this planet would paſs over the 


ſun's diſk in 1639. —— His and Crabtree's 


. obſeryation of it, 712, —— Foundation of 
the Royal Society, ib. Of- ne Royal © 


Academy of Sciences at P pris. Heve- 


lius— His obſervatory and inſtruments, ib.— 


Works, ib. —— His di” with Hook, ib. 
Halley deputed by the Royal Society to en- 


quire- 


robably firſt _acquainted-with . 


by Zachary Jobannides, i#. —— - 


. ae — His . 
; nr of ob » 713: ——Royal Obſerva- 


e =D Fontana improves teleſcopes, 71 71; 
uygens makes very long ones, 
pos vers the fourth fatellic of ſaturn, 
16, — Applies pendulums to clocks, ib. 
— & Campani improves teleſ: 
Caflini diſcovers all the ſatellits of ſaturn, 
i6, —— Gaſcoigne invents: the micrometer, 
ib. M. Aaron re- invents it, ib.— 
The refleQing teleſcope firſt mentioned by 


executed by Newton, ih. — Caflini p 
in the Royal Obſcreatory at Paris, 71 
Drew. the meridian line in St, 3 


hoes as an obſerver, ib. Forms a new 


-of the ſtars, ib. Conſtructs 
aſtronomical tables, ib. Roemer diſco- 
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